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ESTORATION of patency of chroni- 
cally occluded arteriosclerotic ar- 
teries has been accomplished by 
several French surgeons by resec- 

tion of the intima and diseased portion of the 
media together with the thrombus (1, 2, 9, 10, 
11, 12, 15). The feasibility of the procedure 
depends on the existence of a pathological 
cleavage plane within the media. It is in this 
plane that the accumulation of cholesterol, 
fatty acid salts, and tissue debris creates a 
line of separation between the relatively un- 
involved outer coat and the diseased intima of 
the artery (Fig. 1). Progressive widening of 
this layer by the accumulation of degenerated 
material may cause gradual narrowing of the 
arterial lumen and eventually lead to com- 
plete occlusion of the vessel. It has been ob- 
served in this study that acute arterial throm- 
bosis may be the result of obliteration of the 
lumen due to sudden hemorrhage within this 
layer. It has also been observed that in cases 
of arteriosclerotic aneurysm, degeneration of 
the media has been so extensive that the re- 
maining outer fibers of this layer may be in- 
adequate for support of the artery. 
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The technical ease with which the diseased 
interior of such vessels may be excised has 
been clearly described (1, 2, 11). With the 
use of heparin there has been remarkably little 
tendency for thrombosis in the denuded arteri- 
al segment. Bazy (2) reports patients in 
whom thrombo-endarterectomy was _per- 
formed in diseased arterial segments as long 
as 48 centimeters without postoperative 
thrombosis. In view of the clinical observa- 
tion that thromboses are frequently localized 
to short segments of major arteries, further 
consideration of thrombo-endarterectomy is 
warranted. 

Two complications of this operation are 
apparent and have prevented its wider accep- 
tance. After endarterectomy has been ac- 
complished at the site of thrombosis, closure 
of the arterial incision often is inadequate due 
to the poor structure of the remaining vessel 
wall. In such situations, hemorrhage is diffi- 
cult to control. Bazy reports 47 cases of 
thrombo-endarterectomy (2). Of the 8 op- 
erative deaths, 2 were due to hemorrhage. A 
second complication is the aneurysmal dilata- 
tion which may appear in the weakened artery 
following operation. Kunlin (7) illustrated by 
arteriography the abnormal dilatation of the 








Fig. 1. Postmortem section of the wall of a femoral 
artery, showing arteriosclerosis (Weigert’s elastic tissue 
stain). The dissection plane in which thrombo-endarterec- 
tomy is performed is shown as the zone of necrotic debris 
lying between the degenerated intima and the relatively 
normal media. 


femoral artery following thrombo-endarterec- 
tomy in 1 of his patients. 

The demonstration that degenerated arteri- 
osclerotic arteries may be opened, partially 
excised, and closed suggests the possibility of 
application of a similar technique to the re- 
pair of aneurysms due to arteriosclerosis. A 
means for strengthening the excessively weak- 
ened media which is observed in these aneu- 
rysms would permit plastic reconstruction of 
the dilated arterial segment and allow restora- 
tion of normal blood flow. Neuhof, in 1918, 
showed that fascia lata alone was adequate to 
support a full thickness defect of the aortic 
wall in the experimental animal. For the pur- 
pose of devising a satisfactory method of 
restorative aneurysmorrhaphy and to mini- 
mize the complications of thrombo-endarter- 
ectomy described, the following experiments 
on the use of fascia lata to support the arterial 
wall after endarterectomy and aneurysmor- 
rhaphy were performed. 

Beginning in February 1950, similar surgi- 
cal procedures were performed at scheduled 
intervals on 15 dogs. Under sterile operating 
room conditions and with intravenous sodium 
pentobarbital anesthesia, the terminal aorta 
was exposed over a 6 centimeter segment. 
Two pairs of lumbar arteries were divided and 
tied. After proximal and distal occlusion, the 
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aorta was incised longitudinally for 4 centi- 
meters. The internal lining of the aorta over a 
measured segment was excised by sharp dis- 
section. A layer of variable thickness was re- 
sected ; in some, only the intima, and in others. 
most of the media as well. Figure 5a demon. 
strates the depth of the excision in an animal 
sacrificed immediately after excision of this 
layer. The incision in the aorta was closed 
with an ‘over and over”’ continuous suture of 
No. ooooo braided silk. In many instances 
the placing of these sutures caused tears in the 
extremely thin vessel wall. Release of the oc- 
cluding clamps at this time res:ited in gross 
bleeding from the suture line and rapid dilata- 
tion of the weakened segment in the 3 animals 
in which this was done. A sheet of fascia lata, 
taken from the leg of the same animal, was 
fashioned as a “sleeve” about the aorta ex- 
tending proximal and distal to the arterial 
incision for at least 1 centimeter. The fascial 
edges were sutured together in order to restore 
the preoperative external aortic diameter. 
Figures 2 and 3 demonstrate the successive 
stages of the operative procedure. Except for 
the use of dilute heparin solution to irrigate 
the lumen of the opened vessel, no anticoagu- 
lant drugs were used either during or following 
the operation. All surviving animals were 
sacrificed in December 1950. Prior to sacri- 
fice, the blood of each animal was rendered in- 
coagulable with intravenous heparin. Post- 
mortem aortograms were obtained in each 
animal after injection of the thoracic aorta 
with dilute barium emulsion. Subsequently, 
incision of the abdominal aorta permitted 
observation of the gross appearance of the 
graft and of the lumen of the vessel. Micro- 
scopic sections of aorta segments removed 
from the site of operation were stained with 
hematoxylin and eosin, Weigert’s and Ver- 
hoeff’s stains to study the nature and rate of 
the regenerative process. 

Thrombosis of the aorta at the site of end- 
arterectomy developed in 3 animals. In 
each instance obstruction was apparent with- 
in the first hour after operation. Weakness of 
the dogs’ hindquarters was apparent for 2 
weeks but complete recovery of function fol- 
lowed. In 2 of these cases, irregularity of the 
aortic lumen at the operative site due to im- 
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Fig. 2. Method of excision of the inner layers of the abdominal aorta in the exper- 
imental animal. 





Fig. 3. Method of application of the fascia lata graft after the aorta 
has been sutured. 


proper suturing of the graft was believed to be Two animals died of profuse hemorrhage 
a contributing factor. Microscopic examina- from the aorta. In one of these, bleeding oc- 
tion showed intraluminal thrombosis in each curred 8 days postoperatively through an 
instance. opening at one end of the incision. This was 
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the only experimental animal in which the 
graft did not overlap the aortic incision. In- 
adequate support to a weakened vessel wall 
was believed to be the cause of the hemor- 
rhage. In a second animal, sudden hemor- 
rhage occurred 3 weeks postoperatively due to 
rupture of an abscess cavity developing be- 
tween the aorta and enveloping fascial layer. 
In both animals the aorta was patent. 

Postmortem studies on the remaining 10 
dogs permitted observations of specimens 
varying from 24 hours to 8 months following 
operation. Although slight irregularities in 
the luminal contour were observed by x-ray 
examination in most of the experiments, in no 
instance was either constriction or aneurysmal 
dilatation observed. The even contour of the 
aortic lumen in these animals as compared 
with the unusual irregularity of the lumen in 2 
of 3 animals whose aortas became thrombosed 
suggests that high velocity blood flow, free 
from eddies, is a strong deterrent to thrombus 
formation. 

Gross inspection of the opened vessels 
showed that in the first 3 days the operative 
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Fig. 4. Photographs of the opened aortas of animals 
sacrificed at varying intervals after endarterectomy. a, 
At 3 days the defect is filled by a fresh thrombus; the fascial 
graft has not fused to the underlying aortic wall. b, At 3 
weeks, an irregular shiny membrane covers the defect. c, 
At 8 months, the junction of new and old endothelium is 
difficult to distinguish. The sutures in the graft are visible 
through the thin aortic wall. 


defect was covered with a soft, irregular layer 
of clotted blood (Fig. 4a). By the fourth day 
a thin membrane was apparent on the surface 
which by the third to fifth week had developed 
the pallor and smooth appearance of normal 
intima (Fig. 4b). After the fifth month, it 
became difficult to detect the junction be- 
tween new and old endothelium (Fig. 4c). 
The manner in which this layer appeared sug- 
gested that it arose in situ rather than by 
overgrowth from the adjacent normal endo- 
thelium. 

Microscopic study of the early specimens 
showed a recognizable thrombus filling the 
defect (Fig. 5b). The nuclei of white blood 
cells were identified lying in an otherwise 
amorphous mass. The remaining tissue of the 
aorta and the fibers of the graft were edema- 
tous and infiltrated with white and red blood 
cells. After the fourth day, cells resembling 
fibroblasts were apparent at all depths of the 
thrombus (Fig. 5c). At the surface, the nuclei 
became arranged into a longitudinal pattern 
and a thin surface membrane was visible. The 
early appearance of connective tissue in all 
layers of the thrombus suggests that the ele- 
ments for repair of the arterial lining are 
present in the fresh blood clot, and that new 
“intima” develops by mutation of blood cells 
rather than by ingrowth of connective tissue 
and endothelial elements from the periphery. 
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Fig. 5. a, Section at the margin of the operative defect 
removed before blood flow had been re-established (hema- 
toxylin and eosin). b, Twenty-four hours after operation 
there is clotted blood on the luminal surface. The media 
has been almost entirely resected and is replaced by fascia 
lata. c, Five days after operation organization of the clot 
has occurred and a thin surface membrane is visible. d, A 


An observation similar to this was made by 
Kunlin (8) who examined microscopically the 
aortas of dogs 1 month after localized resec- 
tion of the endothelium. It is also noteworthy 
that Dixon identified normal vascular endo- 
thelium in a venous thrombosis as early as 18 
hours after vascular injury. 

By the fifth week the cellular arrangement 
in the new “intimal” layer was similar to that 
of normal intima. Weigert’s stain preparation 
showed, however, that this layer contained no 
visible elastic tissue at any stage of regenera- 
tion (Fig. 5d). 

Although anticoagulant drugs were not used 
in these experiments, the rapid formation of 
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microscopic section at the margin of the defect which was 
taken 5 weeks postoperatively shows the regenerated in- 
tima to resemble the old intima except for the absence of 
elastic tissue. To the left of the arrows in a and d is the 
zone of excision, which in d has filled with organized throm- 
bus. The external layer of the aorta is seen as a wide band 
of fascia (Weigert’s stain). 


endothelium indicates that the necessity for 
such drugs may exist principally in the first 4 
postoperative days. That even this may be 
a longer period of time than is necessary is 
suggested by the failure of thrombosis to 
occur after the first few hours in the experi- 
mental animal. 

After the experimental studies described 
had been concluded, thrombo-endarterectomy 
was performed on 6 patients with occlusion of 
major arteries due to arteriosclerosis, and 
restorative aneurysmorrhaphy on 1 patient 
with an arteriosclerotic aneurysm of the ab- 
dominal aorta. Where indicated, fascia lata 
was used to strengthen the arterial wall. The 
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Fig. 6. Case 1. a, b, Preoperative oscillometric readings, 
no pulse deflection at thigh on either side; c, d, 1 month 


following summaries describe the case history 
and surgical procedure in each of these pa- 


tients. 
CASE REPORTS 


CasE 1. L.G., thrombosis of aorta and iliac artery. 
A man, aged 49 years, was seen in May 1949, witha 
3 year history of gradually increasing weakness of the 
lower extremities, claudication of the thigh and 
gluteal muscles, chronic coldness of both feet, atro- 
phy of calves and thighs, and sexual impotence.’ All 
pulses were absent distal to that of the abdominal 
aorta. By oscillometry, there was absence of pulse 
deflection in both legs (Fig. 6a and b). The blood 
pressure was 130/84. 

Roentgenograms taken following retrograde in- 
jection of the left common carotid artery with 70 per 
cent diodrast showed the abdominal aorta to be 
occluded at the level of its bifurcation. Arteriog- 
raphy by retrograde injection of the right femoral 
artery with diodrast showed failure of filling proxi- 
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after thrombo-endarterectomy and bilateral sympathec- 
tomy pulse deflection at calves exceeds normal excursion. 


mal to the origin of the right hypogastric artery. 
Arteriosclerotic thrombosis of the terminal aorta 
was diagnosed. This patient was followed for a 1% 
year period, until the experimental work was con- 
cluded. During this time, symptoms increased to 
the point that claudication appeared after walking 
one-half block and frequent nocturnal cramping 
pains developed in the legs. 

Operation was performed on January 9, 1951. 
The aorta was approached through a midline trans- 
peritoneal incision. After reflection of the peritone- 
um superiorly, exposure was obtained for the placing 
of a proximal occluding clamp just distal to the renal 
arteries. The terminal aorta at the point of bifurca- 
tion, the entire length of the right common iliac 
artery, and the proximal one-half of the left common 
iliac artery were firm and pulseless. After occlusion 
of the distal vessels, both iliac arteries and the aorta 
were incised longitudinally. The primary pathologi- 
cal process was observed to be limited to the region 
of the bifurcation of the aorta and consisted of an 
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Fig. 7. Case 1. Drawing of the abdominal aorta to indi- 
cate the operative approach and the site of the thrombosis. 


accumulation of necrotic debris within the medial 
layer of the aortic wall in sufficient quantity to 
obliterate the lumen. After the granular material 
encountered within the wall of the artery was re- 
moved, the collapsed intima could readily be ob- 
served lying on the posterior wall of the vessel. In 
the right common iliac artery, the intima had sepa- 
rated from the outer medial layer and lay as a white 
fibrous cord within the vessel. Gentle traction was 
sufficient to remove this from its attachment. At 
the level of the hypogastric artery on the right, the 
midpoint of the common iliac artery on the left, and 
4 centimeters proximal to the bifurcation of the 
aorta superiorly, the intima became normally ad- 
herent to the underlying wall. Between these levels, 
the intimal coat was excised. Incision of the speci- 
men after removal demonstrated the lumen to be 
free of thrombosis. Closure of the incisions was ob- 
tained by a continuous “over and over’’ suture of 
No. ooo0o braided silk. During this phase of the 
procedure, the lumen of the artery was thoroughly 
irrigated with dilute heparin solution. A segment of 
fascia lata taken from the left thigh was cut into 
suitable strips for wrapping about the diseased seg- 
ments and sutured into place. A double thickness 
was used on the aorta. Figures 7 to 10 demonstrate 
the successive stages of this procedure. Upon release 
of the occluding clamps, a free pulsatile flow of blood 
developed in the distal arterial branches. No bleed- 
Ing was apparent at the suture lines. A bilateral 
lumbar sympathectomy was performed before the 
abdomen was closed. 
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Fig. 8. Appearance of the thrombus after incision of the 
aorta and the method of excision of the diseased intima. 
The layer of degenerated tissue (d) within the vessel wall 
which has compressed the lumen is indicated. 


At all times following operation, pulses were easily 
palpable in both legs, including the dorsalis pedis 
and posterior tibial vessels. Twenty-four hours post- 
operatively, dilute heparin solution was given intra- 
venously as a continuous infusion at a rate sufficient 
to maintain the clotting time between 20 and 25 
minutes. This was continued for 15 days. At the 
end of that time, dicumarol was given in quantity 
sufficient to maintain the prothrombin time between 
20 and 30 per cent. This was continued over a period 
of 15 additional days. The patient described warmth 
and absence of discomfort in both feet beginning 
from the first postoperative day. One month follow- 
ing operation, the patient had developed the ability 
to walk distances up to 8 blocks, the only limiting 
factor being generalized fatigue. The calf and thigh 
circumference increased on both sides an average of 
4 centimeters over this 1 month period. Oscillo- 
metric tracings of the calves at this time confirmed 
the clinical observation that normal arterial pulsa- 
tions in the lower legs had returned (Fig. 6c, d). Six 
weeks following operation, the patient described re- 
storation of his former sexual potency. Two months 
later he wrote that he was able to walk several miles 
without discomfort. 


Further experience has shown that excision 
of the diseased intima is more easily accom- 
plished by a long incision through the entire 
thrombosed segment. Heparin was withheld 
in this case for 24 hours to minimize bleeding 
from the incision. In the light of the experi- 
mental data, it is probable that anticoagulant 
therapy was not needed after this time. 
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Fig. 9. Fascia lata is cut into suitable strips for placing 
about the aorta and iliac arteries. 


Two layers of fascia were used about the 
terminal aorta for the purpose of securing 
more complete hemostasis. Further experi- 


mental proof is needed, however, to show that 
both layers would remain viable during the 
healing period. . 


CASE 2. J.W., aneurysm of the abdominal aorta. 
A man, aged 62 years, was first seen January 4, 1951 
complaining of abdominal pain of increasing in- 
tensity of 244 months’ duration, localized to the 
umbilical and right lower quadrant areas, and clau- 
dication of the right thigh and calf muscles. A large 
pulsatile, tender tumor could be palpated slightly to 
the right of the midline at the level of the umbilicus. 
The left femoral pulse was strong, the right weak. 
Blood pressure was 210/100. The peripheral vessels 
were tortuous and sclerotic. Atrophy of the right 
thigh and calf was apparent. 

During the following 7 days, the right femoral 
pulse disappeared and claudication increased. On 
January 12, bilateral retrograde femoral arterio- 
grams were done. The artery failed to fill with dio- 
drast on the right above the femoral artery and on 
the left above the external iliac artery. On January 
13, under general anesthesia, the aneurysm was ex- 
posed through a long midline transabdominal inci- 
sion (Figs. 11 to 15). The tumor was found to be a 
fusiform aneurysm of the aorta, beginning just distal 
to the renal arteries and reaching a maximum diam- 
eter of 8 centimeters at the bifurcation of the aorta. 
The wall of the aneurysm showed varying degrees of 
thinning and diffuse degeneration. Unusual tortu- 
osity of the left iliac artery and occlusion of the right 
iliac artery explained the failure of these vessels to 
be visualized by retrograde injection of diodrast. 

After the proximal aorta and the distal iliac ar- 
teries had been occluded with clamps, a longitudinal 
incision into the aneurysm showed the interior of the 


Fig. 10. Appearance of the aorta after the fascial sleeves 
have been applied. 


aorta to be partially filled with necrotic, semisolid, 
granular material occupying an intramural plane. 
The intramural extension of this debris distally 
caused complete occlusion of the right common and 
external iliac arteries and partial occlusion of the left 
common iliac artery. It was believed that the 
marked tortuosity and calcification of the right iliac 
arteries would make restoration of their patency by 
endarterectomy impractical. During mobilization of 
the aneurysm the lateral surface of the outer aortic 
wall was ruptured. After removal of the debris with- 
in the aneurysm the intima was observed to be de- 
tached except for a narrow strip on the posterior wall. 
Accordingly, the detached intima was resected from 
the aorta and from the proximal 1 centimeter of the 
left iliac artery. It was necessary to rongeur away 
several large, protruding calcareous plaques on the 
posterior wall in order to open the lumen adequately. 
A segment of the anterior wall of the aneurysm was 
excised. Closure of the remaining wall restored the 
aorta to its normal diameter. In order to reinforce 
the suture line, the distal aorta was wrapped with a 
sheet of fascia lata taken from the left thigh. Also 
this effectively sealed the ragged hole in the lateral 
wall of the aorta. Since a previous attempt at repair 
of this opening with sutures had been unsuccessful 
due to its size and the friable nature of the aorta, the 
layer of fascia provided the only wall of the aorta at 
this area. A pulsatile flow of blood appeared in the 
left iliac vessels as the arterial clamps were released. 
No bieeding was observed at the site of repair. A 
bilateral lumbar sympathectomy was _ performed. 

Postoperatively all abdominal pain disappeared. 
The pulses of the left leg, as measured by oscillom- 
etry, remained unchanged from the preoperative 
excursion. Claudication of the right leg diminished. 
The abdominal tumor could no longer be felt. Anti- 
coagulant drugs were not given. Aortography 1! 
month after operation showed normal contour of the 
abdominal aorta. 
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Preliminary endarterectomy made possible 

ie maintenance of luminal patency in recon- 

<iruction of the aorta. Although restoration 

’ the normal aortic diameter could be ob- 

ined by suturing the aorta after excision of 

« portion of the sac, the advanced degenera- 

yn of the outer wall rendered the vessel wall 

i) adequate for secure closure. The addition 

a layer of fascia created a firm encasement, 

- ‘ectively sealing the suture line and the tear 
the aorta. 


‘ASE 3. J.L., thrombosis of the femoral artery. 
A man, aged 78 years, was first seen January 25, 
1.51, 11 hours following an automobile accident in 
wich the left tibia and fibula were fractured. The 
le't leg below the knee was cyanotic, cold, and 
aiesthetic. There was complete paralysis of the 
ini rinsic muscles of the foot and calf. No pulses were 
p«ipable distal to that of the common femoral artery. 
A diagnosis of thrombosis of the superficial femoral 
ariery was made. 

\t surgical exploration, which was performed im- 
mediately, the proximal superficial femoral artery 
was found to be occluded over a 7 centimeter seg- 
ment by a fresh subintimal thrombus. The lumen 
distal to this level was open and on incision of the 
artery at this point free back-flow of blood occurred. 
The vessel was incised over a distance of 8.5 centi- 
meters, the incision extending into the patent lumen 
at each end. At these points, the intima was ad- 
herent to the underlying media. The sclerotic, 
collapsed intima in the intervening segment was 
excised. The vessel wall was sutured. Upon release 
of the proximal and distal clamps, there were numer- 
ous bleeding points along the suture line. It was 
apparent that the degenerative process, which in- 
volved the remaining media as well, prevented firm 
closure of the vessel. For this reason, the artery was 
enclosed by a sheath of fascia lata. Bleeding ceased 
immediately. A strong pulse was apparent in the 
superficial femoral artery. 

Postoperatively, heparin was given as a continu- 
ous intravenous infusion at a rate sufficient to main- 
tain the clotting time between 20 and 25 minutes for 
5 days. At this time, dicumarol therapy was insti- 
tuted. Through the entire postoperative course, the 
foot remained warm, although slightly cyanotic. 
Sensation and motor power returned. The popliteal 
pulse became palpable on the 5th day, but at no time 
were the posterior tibial and dorsalis pedis pulses 
felt. The patient was allowed up in a wheel chair 
with his leg in a cast. On the 14th day, complete 
right hemiplegia suddenly appeared, from which 
the patient never recovered. On the 18th day, he 
expired. 

_ Postmortem examination showed cerebral infarc- 
tion secondary to arteriosclerotic vascular occlusion. 
The lumen of the superficial femoral artery was 
patent, and of normal size. Microscopic studies of 
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Fig. 11. Case 2. Aneurysm of the abdominal aorta. The 
layer of degenerated material in the media (d) has partially 
occluded the aorta and completely occluded the right iliac 
artery. The thinning of the outer layer is seen in the cross 
section. 


the grafted area showed the fascia to be supporting 
an unusually thin medial layer. In the normal loca- 
tion of the intima was a cellular layer of healthy ap- 
pearing tissue covered by a membrane resembling 
endothelium in every detail. Between the “intima” 
and remaining media was a thin interval containing 
amorphous material. 


Disruption of the arterial incision and 
hemorrhage following simple closure of the 
artery appeared inevitable in this case. The 
addition of a layer of fascia provided adequate 
support and hemostasis. It was apparent 
from the microscopic findings that endar- 
terectomy in this case left behind a thin coat 
of tissue debris on the medial surface. The 
presence of an undiseased cellular layer be- 
tween this amorphous material and the lumen 
in the postmortem specimen suggested that 
the new “intimal” layer developed im situ 
from a fresh clot which was deposited on 
the vessel wall after the performance of the 
operation. 
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Fig. 12. Appearance of the aneurysm after incision of 
the outer layer. Visible is the zone of necrotic debris (d), 
the outer surface of the intima (z), and the site of operative 
perforation of the wall (f). 


Case 4. T.A., thrombosis of the femoral and 
popliteal arteries. A man, aged 62 years, was first 
seen February 4, 1951, six weeks after an acute ar- 
terial occlusion in the right leg. Intractable rest 
pain of the right foot and gangrene of three toes had 
developed. The foot was cold, cyanotic, partially 
anesthetic, and showed frank gangrene of three toes. 
No pulses were palpable distal to that of the com- 
mon femoral artery. 

On February 5, 1951, the entire length of the com- 
mon and superficial femoral arteries was exposed at 
operation. Palpation of the popliteal artery, after 
incision of the adductor fascia, demonstrated its wall 
and that of its branches to be heavily infiltrated with 
calcium. Proximally, from this level to the common 
femoral artery, the artery was pulseless and firm but 
demonstrated only slight thickening of its wall. The 
common femoral and profunda femoris arteries 
showed normal pulsations. The superficial femoral 
artery was incised over a distance of 10 centimeters, 
exposing a partially organized thrombus lying within 
the lumen, which was adherent to the wall at only 
one point. This clot could be expressed through the 
wound by compressing the vessel upward from the 
level of the popliteal artery. There was slight back- 
flow of arterial blood after this maneuver. A No. 7 
ureteral catheter was passed distally to the level of 
the bifurcation of the popliteal artery, at which point 
obstruction was encountered. It appeared at this 
time that the primary process involved the distal 
popliteal artery and its branches, and that throm- 
bosis proximally had occurred following the initial 
occlusion. The retrograde flow of blood from the 


Fig. 13. Case 2. After excision of a portion of the anteri- 
or wall of the sac and removal of the detached intima and 
debris, there is a thin strip of intima remaining attached 
posteriorly. 


distal segment indicated patency of the anastomotic 
channels about the knee. After irrigation of the 
lumen with heparin solution, the arterial incision was 
closed. When the occluding clamps were released, a 
strong pulse could be felt distally as far as the proxi- 
mal popliteal artery. Reinforcement of the closure 
with fascia was not considered to be necessary. 

Twelve hours following operation, the temperature 
of the entire foot showed definite increase. Return 
of sensation was apparent on the second postopera- 
tive day. On the fourth day, the gangrenous toes 
were amputated. On the twelfth day, infection de- 
veloped in the open amputation stump, following 
which moist gangrene appeared associated with 
rapidly extending cellulitis. A supracondylar ampu- 
tation was performed on the fourteenth postopera- 
tive day. At the time of the transection of the popli- 
teal artery, this vessel was observed to be occluded 
by a sclerotic process apparently of several weeks’ 
duration. Above this area, however, pulsation was 
evident. Diodrast injection of the distal arterial tree 
of the amputated leg showed thrombosis of segments 
of the anterior and posterior tibial arteries. 


Preoperative arteriography was not done 
on this patient. It has become evident from 
the experience gained in this and in subse- 
quent cases that thorough and accurate ar- 
teriographic examination is essential to deter- 
mine the possible benefits to be anticipated 
from thrombo-endarterectomy. Although the 
femoral artery remained patent after throm- 
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Fig. 14. Case 2. Closure of the remaining wall restores 
the normal contour of the aorta. 


bectomy, and the distal circulation improved, 
the blood supply to the leg remained inade- 
quate due to small vessel occlusion beyond the 
operative area. This case also suggests that 
early intervention before the proximal or dis- 


tal thrombus has become organized is advan- 
tageous in cases of acute arterial thrombosis 
due to arteriosclerosis. 


CasE 5. G.H., thrombosis of the iliac and femoral 
arteries. A man, aged 43 years, was seen on Febru- 
ary 10, 1951, with a history of sudden severe pain in 
the left calf and foot, of 10 hours’ duration, associ- 
ated with paralysis and loss of sensation. An epi- 
sode similar to this, but less severe in degree, had 
occurred 2 years previously, at which time the diag- 
nosis of embolic occlusion distal to the left popliteal 
artery bifurcation was made. At that time the distal 
pulses had returned following anticoagulant therapy. 
This patient was known to have rheumatic heart 
disease with mitral stenosis and auricular fibrillation. 

Signs of acute arterial obstruction involving the 
left leg were apparent. From the midthigh distally, 
the leg was cold and cyanotic and from the knee 
distally it was anesthetic. The calf and intrinsic foot 
muscles were paralyzed. No pulses were palpable on 
the left from the aorta distally. A diagnosis of 
probable embolus in the left common iliac artery at 
its bifurcation was made. Due to associated cardiac 
decompensation, an additional 6 hour delay was 
necessary for digitalization. 

At operation, the external iliac artery was firm and 
pulseless. From this level distally to the superficial 
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Fig. 15. Asupporting layer of fascia lata is sutured about 
the patent aorta. 


femoral artery, there were three separate segments 
which were similarly occluded. The intervening 
artery, although containing calcified plaques within 
its wall, was compressible. A long incision was made 
from the common iliac artery to the superficial fe- 
moral artery. The areas of occlusion were demon- 
strated as thromboses, recent in origin, lying in the 
subintimal plane of the vessel wall. Incision of the 
collapsed intima revealed an empty lumen. The lu- 
men of the segments between the occluded areas was 
filled with unclotted blood, flowing from the collater- 
al vessels. The intima through the entire length of 
incised vessel could be separated easily from the 
underlying media. Release of the distal clamps at 
this time demonstrated backflow from the distal 
superficial femoral artery. A fine ureteral catheter 
could be passed within the artery to the level of the 
midcalf. After irrigation of the artery wall with 
heparin solution, the incision was closed. Upon re- 
lease of the clamps, a pulsatile flow developed im- 
mediately in the distal superficial femoral artery. 
Due to the relatively good structure of the remaining 
vessel wall, a fascial graft was not needed. Immedi- 
ately after the operation, a faint popliteal pulse was 
palpable. 

A continuous intravenous heparin solution in- 
fusion, 10 milligrams per 100 cubic centimeter, was 
started at the close of the operation and continued 
for 3 days at a rate sufficient to maintain the clotting 
time between 20 and 25 minutes. On the day follow- 
ing operation, marked improvement in the distal 
circulation was observed, the areas of cutaneous de- 
marcation having receded to the low calf level. 
Slight return of sensation in the foot and toes was 
apparent. Swelling and tenderness of the calf mus- 
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Fig. 16. Case 6. a, Oscillometric recordings taken from 
the right calf before iliac and femoral endarterectomy; b, at 
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cles indicated, however, that diffuse infarction had 
occurred. On the fourth postoperative day, a supra- 
condylar amputation was performed. Incision of the 
popliteal artery before ligation demonstrated a 
strong pulsatile flow of blood, indicating patency of 
the arterial lumen in the operative site. Arteriograms 
of the amputated extremity demonstrated occlusion 
of the anterior tibial artery at its origin which, on 
pathological examination, proved to be an old throm- 
bosis. The posterior tibial artery was occluded in the 
distal calf by a fresh thrombus. 


This case demonstrates, as in Case 3, that 
an artery acutely occluded by subintimal 
thrombosis may be amenable to thrombo- 
endarterectomy. This is at variance with the 
opinion of Bazy who listed the existence of a 
recent occlusion as a contraindication to 
thrombo-endarterectomy (2). The recession 
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18 hours, c, 2 days, and, d, 6 days after operation, demon- 
strating the delayed return of the pulse wave to normal. 


of the line of demarcation following operation 
may be attributed directly to restoration of 
the continuity of the iliac and femoral vessels. 
A high thigh amputation might have been 
required had this not occurred. The failure of 
complete restoration of circulation was be- 
lieved to be due to advanced and prolonged 
(16 hours) distal ischemia in an extremity 
with minimal circulatory reserve. 


CasE 6. A.G., thrombosis of the aorta, iliac and 
femoral arteries. A man, aged 48 years, was first 
seen on February 13, 1951 with a complaint of pallor 
and severe pain in the right lower leg and foot of 6 
weeks’ duration. The right leg was cold and pulse- 
less with a level of temperature change at the mid- 
thigh. The foot was edematous and red. Sensation 
of the ankle was decreased. Pulses of the left leg were 
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ood. Decreased blood pressure and pulse in the left 
rm and retinal exudates indicated advanced ar- 
eriosclerotic vascular disease. 
Oscillometry demonstrated absence of pulse de- 
ection in the right thigh (Fig. 16a). Retrograde 
rteriography was performed by introducing a No. 9 
reteral catheter into the terminal aorta through the 
teral circumflex iliac branch of the left profunda 
moris artery. Injection of 50 cubic centimeters of 
) per cent diodrast demonstrated failure of filling 
the right common iliac and external arteries. The 
; ght common femoral and hypogastric arteries were 
led through collateral vessels (Fig. 17). 
On February 17, the abdominal aorta, right iliac, 
d femoral vessels were exposed through a midline 
dominal incision which was extended to transect 
t'e insertion of the right rectus abdominus muscle 
d into the femoral triangle. The inguinal ligament 
wis not divided. The lumen of the right common 
il .c artery was occluded by a subintimal thrombosis 
in the vessel wall. This extended into the right 
a'eral wall of the terminal aorta. The external iliac 
aid common femoral arteries were occluded by an 
intraluminal thrombus. After occlusion of the 
branching vessels, a longitudinal incision was made 
in the artery from the superficial femoral artery to 3 
centimeters proximal to the bifurcation of the aorta. 
At this point, the aorta was clamped for the first 
time. Occlusion of the circulation was complete for 
114 hours. An intramural dissection plane was 
readily encountered in the common iliac artery 
which was followed superiorly for 3 centimeters into 
the aorta, at which point the intima showed normal 
adherence to the media. Similar adherence was 
found distally at the level of origin of the hypogastric 
artery. Distal to this point, a soft, partially. or- 
ganized thrombus could be easily excised from the 
lumen of the external iliac and common femoral ar- 
teries. The resected specimen occupied a length of 
artery measuring 22 centimeters. The arterial in- 
cision was closed with a continuous “‘over and over” 
suture of No. ooo00 braided silk. Because of the 
strong appearance of the vascular wall, additional 
support with fascia was unnecessary. When the oc- 
cluding clamps were released, there was minimal 
bleeding and no abnormal dilatation. A strong pulse 
was evident in distal superficial femoral artery. 
Postoperatively, a faint popliteal pulse was evi- 
dent; and it became progressively stronger over the 
following 6 days (Fig. 16b, c, d). On the third day, 
the dorsalis pedis pulse could be felt. The right foot 
and lower leg remained pink, warm, and painless 
through the postoperative period. Intravenous 
heparin was started at the end of operation and 
continued at a rate sufficient to maintain the clotting 
time between 20 and 25 minutes. On the third day 
after operation, a right hemiplegia suddenly de- 
veloped. Although this was believed to be due to a 
major vascular thrombosis in the cerebrum, heparin 
was discontinued to minimize possible intracranial 
hemorrhage. The patient failed rapidly, expiring on 
the ninth day, An autopsy was not performed. 
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Fig. 17. Case 6. Arteriogram demonstrating, between 
the arrows, thrombosis extending from the lateral wall of 
the aorta superiorly to the right common femoral artery 
inferiorly. 


The persistence of distal pulses in the right 
leg after the heparin infusion was discontin- 
ued demonstrates that prolonged anticoagu- 
lant therapy was unnecessary and suggests 
that after a relatively short period of time, 
the vascular wall resists local thrombosis. The 
strong vessel structure after endarterectomy 
in this case indicated that the pathological 
process was limited chiefly to the intima. It 
appears that only in cases of actual fragmen- 
tation and gross degeneration of the outer 
medial coat is additional support necessary. 


CasE 7. D.M., thrombosis of the aorta, right com- 
mon iliac, left common and external iliac, and left 
femoral arteries. A woman, aged 36 years, was first 
seen in October 1949 with a history of weakness, 
coldness, cyanosis, and atrophy of the legs, and 
claudication of the gluteal and thigh muscles of 2 
years’ duration. No pulses were palpable in either 
leg. Aortography showed calcification of the ab- 
dominal aorta and occlusion of the aorta 2 ‘centi- 
meters proximal to the bifurcation. Retrograde fe- 
moral arteriograms showed filling on the right to the 
bifurcation of the common iliac artery and on the 
left to within 3 centimeters of the aorta. These 
studies indicated a localized thrombosis of the aorta 
and its terminal branches. Restoration of patency 
of the involved vessels by thrombo-endarterectomy 
was thought possible. Operation was deferred for 1 
year until completion of the experimental studies in 
animals. Over this interval there developed anes- 
thesia of the legs and perineum upon exertion, loss 
of libido, and intermittent numbness of the right 
arm, associated with decreased pulsation of the right 





1 OLOKd HON 








Fig. 18. Case 7. Photograph of the thrombosed segment 
which was removed from the aorta and iliac vessels, indi- 
cating the relation of the renal and the superior mesenteric 
arteries. 


brachial artery. The latter was attributed to arteri- 
osclerotic thrombosis of the right subclavian artery 
and indicated the widespread extent of the patient’s 
disease. 

Laparotomy was performed on December 23, 
1950. The wall of the aorta was heavily infiltrated 
with calcium. The right common iliac artery was 
pulseless and occluded over its full extent. The lu- 
men of the terminal aorta was partially occluded due 
to sclerotic thickening of the aortic wall. Because of 
the possibility of the development of complete oc- 
clusion of the left common iliac artery should throm- 
bosis occur following endarterectomy, it was de- 
cided not to remove the thrombus. A bilateral lum- 
bar sympathectomy was performed. 

Following operation, although temporary im- 
provement in skin temperature of the legs and 
claudication was apparent, symptoms soon recurred 
and progressed to a greater degree than before. 
Aortography on February 26 showed complete oc- 
clusion of the aorta at a higher level. Filling of the 
right external iliac artery by collateral vessels could 
be seen but on the left neither the iliac nor the fe- 
moral arteries were demonstrated. Reoperation on 
March 7 showed proximal extension of the throm- 
bosis to a point 3 centimeters distal to the renal 
arteries. The right common iliac artery was occluded 
as before. The lumen of the left common iliac artery 
and all its branches was filled with partially or- 
ganized clotted blood. The failure of the arteries in 
the left leg to fill at arteriography suggested that at- 
tempts at restoration of luminal patency on the left 
would be useless. Thrombo-endarterectomy of the 
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Fig. 19. Case 7. Appearance of the patent aorta and 
right iliac vessels after a sleeve of fascia has been applied. 
The distal extent of the occlusion on the left prevented 
restoration of blood flow to the left leg. 


aorta and right common iliac artery was performed 
(Fig. 18). The left common iliac artery was divided 
at its origin and the proximal end closed. After 
closure of the arterial incisions, it was apparent that 
the thinned-out remaining aortic wall was too porous 
to contain a pulsatile flow of blood without gross 
hemorrhage and dilatation. A sheath of fascia lata 
was sutured over the weakened segment (Fig. 109). 
Upon release of the clamps, the right femoral artery 
began to pulsate normally. 

Anticoagulants were given as a continuous intra- 
venous infusion of heparin for 5 days and as oral 
dicumarol for the subsequent 5 days. Oscillometric 
readings from the right leg had returned to the nor- 
mal excursion by the fourth postoperative day. Six 
weeks following the operation, the patient stated 
that her walking capacity had tripled, the limiting 
factor being fatigue of the left leg. The previously 
described numbness of the legs and perineum had 
not recurred. 

At the time of the initial examination, skin tem- 
perature studies performed with the patient exposed 
to a room temperature of 20 degrees C. showed the 
temperature of the toes of both feet to be 20 degrees 
C. After bilateral lumbar sympathectomy, the tem- 
perature was 23 degrees C. and after thrombo-end- 
arterectomy, the temperature of the right foot rose 
to 32.5 degrees C. This last temperature is in the 
range to be expected after lumbar sympathectomy 
on a patient with normal circulation. 


In this case the need for additional support 
to the weakened arterial wall was clearly evi- 
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dent. Hemorrhage from the aorta would have 
been uncontrollable had not the layer of fascia 
yeen applied to seal off the numerous leaks in 
ihe sutured aorta. The rapid extension of the 
itheromatous process in this patient’s aorta 
etween operations, in addition to the evi- 
lence of occlusive disease in other arteries, 
-uggests that recurrence of ischemic symp- 
oms elsewhere due to occlusion of other ar- 
eries may be anticipated. 


DISCUSSION 


Marked clinical improvement of the 2 pa- 
ients with thrombosis of the aorta was ap- 
arent following thrombo-endarterectomy. 
'n 1 of these, the degree of improvement fol- 
wing thrombo-endarterectomy greatly ex- 
‘ceded the result previously obtained by lum- 
\ar sympathectomy. 

Total excision of the thrombosed segment 
of aorta as proposed by Leriche (13) and Elkin 
has given favorable results in their hands. 
!fowever, the clinical results in the 2 patients 
reported in this study suggest the possible 
superiority of a procedure which restores the 
aortic lumen. 

Although the initial obstructive process was 
intramural in all cases, freshly clotted blood 
filled the lumen of the artery distal to the area 
of primary occlusion in 2 cases and proxima! 
to it in another. In 1 patient with aortic 
thrombosis, circulation was re-established in 
one leg; the distal intraluminal thrombus had 
involved the arteries of the opposite leg so ex- 
tensively that it was impossible to restore its 
arterial patency. These findings suggest that 
when acute thrombosis of an arteriosclerotic 
artery occurs, early removal of the obstruction 
is important. 

In 3 of the cases in this study, the arterial 
wall was visibly weakened after thrombo-end- 
arterectomy. Here it is conceivable that the 
application of periarterial sleeves of fascia lata 
may have lessened the tendency for postopera- 
tive thrombosis by preventing the localized 
areas of dilatation that have been shown to 
occur following thrombo-endarterectomy. 

. Although the use of fascia lata in the opera- 
tive management of aneurysms has been re- 
ported previously, such strips of fascia were 
used for the purpose of obliterating the proxi- 
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mal artery (3, 6). Reynaldo dos Santos (16), 
writing on arterial aneurysms in 1946, stated 
that the ideal treatment was one in which the 
debris was removed and the arterial wall re- 
built by utilizing a portion of the sac. Leger, 
in 1950, described a case of abdominal aneu- 
rysm similar to the one reported here in which 
reconstruction of the aorta from the sac alone 
was performed. Although his patient died 2 
hours after operation, the suture line was in- 
tact. Reconstruction of the vessel wall, when 
feasible, would appear to be a more physio- 
logical procedure than the various methods 
described for obliteration of the lumen of the 
aneurysm. 

The experience gained from the application 
of fascia lata around the weakened aorta of 
experimental animals and the result in the 
case reported in this paper suggest that the 
use of fascia lata in this manner may permit 
the wider application of plastic repair to the 
surgery of arterial aneurysms. 


SUMMARY 


Experimental operations have been de- 
signed to produce a degree of trauma and 
weakening of the aorta similar to that which 
is produced in the arteries of human subjects 
following thrombo-endarterectomy. Weak- 
ness and permeability of the arterial walls 
were observed in all experiments. Release of 
the occluding clamps before the weakened 
aorta was wrapped in fascia resulted in gross 
bleeding from the suture line and rapid dilata- 
tion of the weakened segment in the 3 animals 
in which this was done. Fascia lata applied as 
a graft about the aorta was found to give ade- 
quate support to the weakened arterial seg- 
ments in experimental animals. 

In these experiments, microscopic sections 
demonstrated that the operative defect in the 
intima of the traumatized aortas was covered 
by a layer of clotted blood soon after restora- 
tion of blood flow through the lumen. Repair 
of the arterial walls was characterized by the 
rapid appearance of connective tissue in all 
layers of the thrombus together with a diffuse 
formation of an endothelium-like surface 
layer. 

Six patients with occlusion of major arteries 
due to arteriosclerosis have been treated by 
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thrombo-endarterectomy of the thrombosed 
arteries. The length of the thrombosed seg- 
ments varied from 7 to 22 centimeters. There 
were no operative deaths. Two patients died 
in the postoperative period from cerebro- 
vascular thrombosis. Amputation was event- 
ually necessary in 2 patients, due in one to 
chronic thrombosis of distal arteries too small 
to be amenable to surgical treatment, and in 
the other to the prolonged interval between 
the onset of acute thrombosis and operation. 
In all cases the arteries from which the throm- 
bus had been removed remained patent. Ad- 
ditional support to the weakened arterial seg- 
ments was clearly necessary in 3 cases. For 
this purpose fascia lata which was placed as 
a sleeve about the artery served to prevent 
dilatation of the artery and to facilitate hemo- 
stasis. 

One patient with an aneurysm of the ab- 
dominal aorta is presented, in whom both 
dilatation and partial thrombosis were present. 
After thrombo-endarterectomy of the dilated 
aorta had been accomplished, the use of fascia 
lata as an external supporting layer made 
the performance of restorative aneurysmor- 
rhaphy possible. 


ADDENDUM.—Since the time of preparation of this 
manuscript, thrombo-endarterectomy has been per- 
formed on 5 additional patients. Blood flow was 
successfully re-established in 2 patients with throm- 
bosis of the aorta and iliac artery, and in 2 patients 
with femoral artery thrombosis. Postoperative oc- 
clusion of the femoral artery developed in the fifth 
patient, probably because of inadequate resection. 
A reinforcing layer of fascia lata was used for repair 
in 1 of the patients with thrombosis of the aorta and 
iliac arteries. 
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MEDIAL DEVIATION OF THE URETERS COMPLICATING 
CARCINOMA OF THE RECTUM AND SIGMOID, 
AND PROCTOSIGMOIDECTOMY 


RICHARD J. SPILLANE, M.D., THOMAS F. KAISER, M.D., and GEORGE C. PRATHER, M.D, 
F.A.C.S., Brookline, Massachusetts 


LTERATIONS in the size and course of 
the ureter are frequently encounter- 
ed and have been investigated in 
many specific disease processes. The 

percentage of urological complications inci- 
dental to abdominoperineal resection is im- 
pressive; however, the attention of both sur- 
geon and urologist has been focused upon the 
lower urinary tract. Inward bowing of the 
ureters at the level of the midsacrum or 
promontory may occur after excision of the 
rectum and may also be found with metastatic 
involvement of the iliac lymph nodes. This 
particular ureteral deformity, when present, is 
diagnostic of either condition. We wish to 
describe this syndrome and present g brief 
case reports which appear pertinent. 

To appreciate fully the clinical significance 
of medial deviation of the ureters, it is neces- 
sary to review briefly certain aspects of lower 
bowel surgery. The surgery of rectal and 
rectosigmoidal neoplasms received great im- 
petus when Miles, impressed by the patho- 
logical studies of Poirier concerning upward, 
lateral, and downward lymphatic spread of 
carcinoma from the rectum, planned his 
eradicating procedure. It has proved to be a 
well conceived operation permitting a wide 
resection of the cancer with low morbidity 
and mortality. The 5 year survival group 
compares favorably with that of the attempts 
to eliminate cancer in other portions of the 
body. 

In some clinics, anterior resection with 
primary anastomosis has gained popularity in 
selected cases; in other clinics the “pull- 
through” procedure is advocated. It is not 
the purpose of the authors to discuss the 
merits of these operations; at the Boston City 
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Hospital Miles’s resection is performed in 
most instances. The details of the Miles’s type 
of resection are well known. Basically, it is 
a one stage procedure in which the sigmoid is 
severed above the lesion and the proximal 
stump exteriorized as a single-barreled colos- 
tomy. The distal sigmoid and rectum are 
freed down to the sacrococcygeal articulation; 
they are placed in the pelvis; the previously 
opened pelvic peritoneum is re-established; 
and the mobilized bowel is removed by the 
perineal route. 

The surgeon, confronted with the problem 
of radical abdominoperineal proctosigmoidec- 
tomy, is primarily interested in adequate re- 
moval of the lesion. His concern for the 
ureters, bladder, prostate, and urethra is 
secondary. These structures are usually 
identified and then cautiously avoided. At 
times, injuries do occur and these can usually 
be corrected. In the absence of urinary tract 
complications or symptoms, the urologist is 
rarely consulted initially and his advice is not 
likely to be sought again until the terminal 
stages of disease are evident. 

Death from uremia is not uncommon in 
carcinoma of the lower bowel and rectum. 
Bilateral hydroureter with hydronephrosis is 
the usual necropsy finding. Ureteral ob- 
struction has been attributed to infiltrating 
carcinoma or pressure from involved lymph 
nodes. Pyelograms following Miles’s resection 
may show, regardless of the primary lesion, 
a characteristic inward deviation of the ureters 
in the midsacral region or at the promontory, 
not unlike the medial fixation seen with ad- 
vanced carcinoma. At times, medial deviation 
of the ureters is marked, and serious upper 
urinary tract complications result from the 
distortion of the course of the ureter and from 
the accompanying obstruction. 
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Fig. 1. Case 1. a, left, There is complete obstruction of the 
left ureter at 4 centimeters. Marked right hydroureter with 
hydronephrosis is present. b, Right pyeloureterogram 


Over a 4 year period, 7 cases of medial 
deviation of the ureters have been encountered 
at the Boston City Hospital. The urological 
service of the Beth Israel Hospital, Boston, 
Massachusetts, (Dr. Bernard Sears) has gen- 
erously added an eighth example of this pecul- 
iar ureteral deformity to the present series, 
and a ninth instance of medial deviation has 
been contributed by Dr. Frank G. Sheddan, 
Jr., from his private practice. The salient 
features of the entire series are summarized in 
Table I. 

Brief clinical histories of the 9 patients with 
medial deviation of the ureters are included in 
this communication to emphasize and il- 
lustrate the potential gravity of this condition. 


CASE REPORTS 


CAsE 1. P.A., a 61 year old white female, who had 
an anterior resection of the sigmoid with primary 
anastomosis for carcinoma in 1940, was admitted to 
the hospital on February 24, 1946, with oliguria and 
uremia. For 1 year prior to admission, she had ex- 
perienced abdominal pain which was relieved by 
opiates. Thereafter, she had noted marked urinary 


emphasizes medial deviation of the ureter at the sacral 
promontory with obstruction. The ureter is of normal 
caliber below this site. 


frequency. Nausea with vomiting had been present 
before entrance. 

On examination, she appeared chronically ill and 
was poorly oriented. An orange-sized, firm, movable, 
tender mass was palpable in the left iliac fossa. 
Laboratory studies revealed a low specific gravity of 
the urine and the nonprotein nitrogen ranged from 
104 to 171 milligrams per cent. 

Constant urethral drainage was instituted and 
supportive treatment was given. A barium enema 
demonstrated only diverticulosis. On March 11, 
1946, she became anuric and remained so for 5 days. 
Edema became an outstanding feature and the 
oliguria persisted. A urological consultation was 
requested and cystoscopy was done. It was impos- 
sible to catheterize left ureter. Marked right hydro- 
ureter with hydronephrosis was noted (Fig. 1a, b). 
Patient developed pulmonary edema and died. 

At autopsy, the liver showed gross and microscopic 
evidence of metastases. The sigmoid was fixed by a 
mass of carcinomatous lymph nodes and bound to 
the left pelvic brim. Bilateral hydronephrosis was 
present and the ureters were dilated down to the 
sacral promontory where they lost their identity in 
the lymph node mass. Prior to entering the bladder, 
both ureters were of normal caliber. The bladder 
was not involved. 

The ureters were not disturbed at the time of 
original surgery; therefore, this case illustrates the 
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Fig. 2. Case 2. There is complete left ureteral obstruc- Fig. 3. Case 3. Bilateral pyeloureterogram which il- 
tion in the midsacral region with marked deviation of the _lustrates medial deviation of the ureters, hydroureters, and 
right ureter and moderate right hydronephrosis. hydronephrosis. 


Fig. 4. Case 4. a, left, Plain roentgenogram of abdomen the ureters. b, Bilateral retrograde pyelogram reveals no 
with catheters in situ shows moderate medial deviation of ureteral obstruction in the presence of medial deviation. 
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Fig. 5. Case 5. a, Plain roentgenogram of the abdomen 
with ureteral catheters and cystoscope in place demon- 
strates the hourglass configuration of the ureters in medial 
deviation. b, Bilateral retrograde pyelogram fails to show 
ureteral obstruction in spite of marked medial deviation. 
c, Low power photomicrograph X45 demonstrates peri- 
ureteral invasion by carcinoma of the rectum. 


effect of recurrent carcinoma of the sigmoid upon the 
ureters and upper urinary tract. The ureters were 
deviated and obstructed by pressure from the in- 
volved iliac lymph nodes and carcinomatous in- 
filtration of the pelvic structures. Bilateral hy- 
dronephrosis resulted with ultimate death from renal 
failure. 

CAsE 2. T.T., a 56 year old Russian male, entered 
on May 3, 1949, with an 18 hour history of anuria. 
He had had a Miles’s resection for adenocarcinoma of 
the rectosigmoid at another hospital in 1946. At 
surgery, there were metastatic nodes in the meso- 
sigmoid. Three weeks following his original opera- 
tion, a suprapubic prostatectomy was necessary for 
urinary retention. In August, 1948, he entered the 
hospital in an anuric condition. The left ureter was 
completely obstructed, but the right kidney was 
catheterized and drained. Eight days later, he was 
discharged voiding and remained well except for 
bilateral flank pain and weight loss. © 

On admission May 3, 1949; he appeared acutely 
and chronically ill. Suprapubic and left rectus scars 
were present. The colostomy stoma was adequate. 
Laboratory studies showed a nonprotein nitrogen of 
240 milligrams per cent. The blood chlorides were 90 
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Fig. 6. Case 6. a, Left pyeloureterogram reveals medial 
deviation of the ureter without obstruction. b, Right 


milliequivalents and the carbon dioxide combining 


power, 41 volumes per cent. 

He was cystoscoped on May 4, 1949, and complete 
obstruction of the left ureter was encountered at 3 
centimeters. The catheter passed to the right renal 
pelvis with difficulty and a right retrograde pyelo- 
gram was made (Fig. 2). Severe right hydronephrosis 
was demonstrated with medial deviation of the right 
ureter and evidence of the same process on the left. 

The catheter was left in place, and in the following 
24 hours, there was a diuresis of 4,000 cubic centi- 
meters of urine. The nonprotein nitrogen was 
lowered to 106 milligrams per cent and the right 
ureteral catheter was removed. He became anuric 
once more and further attempts to catheterize the 
right ureter were unsuccessful. Despite a right 
nephrostomy on May 13, 1949, uremia and acidosis 
became progressive and he died on May 25, 1949. 
An autopsy was not performed. 

A review of this case report shows that 3 months 
after Miles’s resection there was evidence of ureteral 
obstruction and a nonfunctioning left kidney. The 
first episode of anuria was transient and he lived an 
additional 35 months in chronic uremia. It is pos- 
sible to postulate that the ureters were compromised 
during peritonealization of the pelvis at procto- 
sigmoidectomy; however, recurrence of carcinoma 
was present clinically and the ultimate ureteral 
obstruction must be ascribed to this factor. 


MEDIAL DEVIATION OF URETERS 


pyeloureterogram shows medial deviation of the ureter 
with early obstruction. 


CAsE 3. A.F., a 63 year old white female, was 
admitted on December 10, 1946, with a 6 months’ 
history of progressive constipation and cramp-like 
abdominal pain during the past 2 weeks. Just prior 
to admission she had vomited daily. 

On examination, there was marked abdominal 
distention with tympany and borborygmus. No 
rectal masses could be felt; however, a barium enema 
demonstrated an obstructing lesion of the sigmoid. 

An emergency transverse colostomy was neces- 
sary. The postoperative course was satisfactory and 
on January 15, 1947, the sigmoidal carcinoma was 
removed by the abdominoperineal route. Both 
ureters were identified at the time of surgery, but it 
was difficult to approximate the pelvic diaphragm 
and the uterus was employed to close the anterior 
gap. She was discharged 12 days later. 

She was readmitted on October 23, 1947, with a 10 
day history of vaginal bleeding. Laboratory studies 
were within normal limits. A dilatation and curet- 
tage were noncontributory; however, under anesthe- 
sia a right adnexal mass was palpable. An explora- 
tory laparotomy followed and in the region of the 
right ovary, there was a 9 centimeter mass. It 
proved to be a metastatic, mucus-secreting adeno- 
carcinoma of the fallopian tube. She was discharged 
on November 11, 1947. 

She returned to the hospital on February 16, 1948, 
with urinary frequency and weight loss. Physical 
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Fig. 7. Case 7. a, Retouched left pyeloureterogram 
shows medial deviation of the ureter with obstruction 2 
weeks after Miles’s resection. b, Right retrograde pyelo- 


examination revealed a debilitated white female with 
a well functioning colostomy. The nonprotein ni- 
trogen was 64 milligrams per cent. On March 5, 
1948, cystoscopy and retrograde pyelography were 
done demonstrating bilateral hydroureters with hy- 
dropelves and medial deviation of the ureters (Fig. 
3). Further surgery was deemed inadvisable and she 
was discharged to a nursing home for terminal care. 

Pelvic involvement was unequivocally present and 
this case demonstrates bilateral ureteral obstruction 
with medial deviation from recurrent carcinoma of 
the sigmoid. 

CasE 4. J.R., a 54 year old white male, entered 
the hospital on November 5, 1947, with a 3 months’ 
history of diarrhea, weight loss, cramp-like ab- 
dominal pain and urinary frequency. 

The only pertinent physical finding was a ques- 
tionable rectal mass. Sigmoidoscopy was confirma- 
tory with a biopsy report of adenocarcinoma. Rou- 
tine laboratory studies were within normal limits. 

On November 14, 1947, an abdominoperineal re- 
section was done. A large, mobile lesion which in- 
volved the serosa was found in the rectosigmoid with 
nodules in the mesentery. The left ureter was 
identified and retracted. No difficulty was en- 
countered in restoring the pelvic peritoneum. . The 
postoperative course was uncomplicated except for 
frequency and dysuria. He was discharged on 
December 12, 1947. 


b 
gram with ureteral deviation and right hydronephrosis. 
There is extravasation of the opaque medium into a 
perinephritic abscess. 


The following year, he was examined in the genito- 
urinary outpatient department for the same com- 
plaints. .On October 5, 1948, cystoscopy and retro- 
grade pyelograms were done (Figs. 4a and 4b). Medi- 
al deviation of the ureters without evidence of 
obstruction was present. There was no change in the 
residual urine and conservative treatment was 
advised. 

He was readmitted on March 23, 1949, with pain 
in the coccygeal region which radiated down the 
left leg. X-ray films revealed only osteoarthritic 
changes. The neurosurgeons concurred with the 
diagnosis of pelvic recurrence and sacral root pain. A 
left cordotomy on June 9, 1949, relieved his symp- 
toms; however, 3 months later he developed pain in 
the opposite leg, but refused further surgery. 

At the time of urological examination, the patient’s 
urinary symptoms were related to prostatic hyper- 
trophy. Recurrent carcinoma was manifested by 
sacral root pain and medial deviation. It would seem 
reasonable to predict that ureteral obstruction would 
result eventually. 

CAsE 5. F.P., a 68 year old white painter, was 
admitted on July 2, 1948, with a 3 hour history of 
bloody diarrhea. On examination, he was rather 
obese, pale, and in some degree of vascular collapse. 
The most pertinent findings were external hemor- 
_— and a friable, walnut-sized, rectal mass on the 
left. 
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Fig. 8. Case 8. a, Marked medial deviation of the left ureter with ureteral narrowing proximal to the site of 
deviation. b, Bilateral retrograde pyelogram demonstrating ureteral obstruction and deviation from carcinomatous 


invasion of the pelvis. 


Supportive treatment was administered. Sig- 

moidoscopy revealed a 3 centimeter, ulcerated, hard, 
fixed sessile growth 2 centimeters above the pectinate 
line. The biopsy report was adenocarcinoma and on 
July 15, 1948, the resection of Miles was done. The 
tumor had invaded the posterior portion of the pro- 
static capsule which was excised. There were 
metastases to the mesenteric lymph nodes. The 
postoperative course was complicated by a urinary 
tract infection and mild azotemia. Following re- 
moval of the urethral catheter on August 14, 1948, 
he experienced marked urinary frequency and noc- 
turia with a residual of 180 cubic centimeters. 
_ He was cystoscoped on August 17, 1949, and an 
intravenous pyelogram was also done. The latter 
was unsatisfactory and on August 26, 1948, retro- 
grade studies were carried out (Figs. 5a and sb). The 
pyelograms showed a typical hourglass configuration 
of the ureters without demonstrable obstruction. A 
transurethral resection was performed for prostatic 
hypertrophy and 15 grams of adenomatous tissue 
was removed. He did well until the following year 
when his urological symptoms returned and a second 
transurethral resection was necessary. 

On February 26, 1949, he returned to the hospital 
semicomatose. Laboratory studies revealed many 
white blood cells in the urinary sediment and a posi- 
tive urine culture for Aerobacter aerogenes. The 
hemoglobin was ro grams and the nonprotein nitro- 


gen, 175 milligrams per cent. The carbon dioxide 
combining power was 25 volumes per cent and the 


blood chlorides 107 milliequivalents. He became 
increasingly somnolent with progressive uremia and 
acidosis. Death occurred on March 4, 1949. 

At autopsy, there was bilateral hydronephrosis 
with multiple cortical abscesses. The ureters were 
dilated to within 4 centimeters of the bladder where 
they were deviated by a mass of carcinomatous tissue 
(Fig. 5c). 

Unfortunately, preoperative pyelograms were not 
done but 5 weeks following abdominoperineal resec- 
tion, there was marked deviation of the ureters. 
The possibility exists that reconstruction of the 
pelvic floor with undue tension on the ureters pro- 
duced the typical deformity in this case. Terminally, 
ureteral obstruction and death were caused by car- 
cinoma. 

CasE 6. S.A., a 55 year old male, was admitted on 
February 21, 1949, with a 7 months’ history of 
constipation, painful defecation, 40 pound weight 
loss, dysuria, frequency, and nocturia. Eight years 
prior to admission, a rectal polyp had been removed 
by electrocoagulation. On rectal examination, there 
was a 4 centimeter, stony hard mass, which was 5 
centimeters above the anal sphincter and fixed to the 
prostate gland. A biopsy was obtained and adeno- 
carcinoma of the rectum reported. Routine labora- 
tory studies were within accepted limits. On March 
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Fig. 9. Case 9. a, Retouched intravenous pyelogram to 
show deviation of the left ureter without obstruction. b, 


12, 1949, a Miles’s resection was performed. The 
growth was adherent to the prostate and a portion of 
the posterior capsule was removed. Both ureters 
were identified and retracted. The postoperative 
course was uneventful and he was discharged on 
April 11, 1949. 

On January 29, 1950, he was readmitted com- 
plaining of impotency and urinary retention. He 
had been performing self-catheterization for ap- 
proximately 1 month. The residual bladder urine 
was determined at 240 cubic centimeters. Laboratory 
studies were within normal limits except for pyuria. 
Cystoscopy and retrograde pyelograms were ob- 
tained on January 31, 1950. The left ureter was 
catheterized with difficulty; the right kidney and 
ureter were outlined with the Braasch bulb technique 
after failure to introduce a catheter. Mild right hy- 
droureter with hydronephrosis was demonstrated 
(Figs. 6a and 6b). Chromocystoscopy showed 
marked impairment of right renal function. The 
patient refused transurethral resection for prostatic 
obstruction. 

CasE 7. E.C., a 74 year old colored male, was 
admitted on March 8, 1949 with a 6 weeks’ history of 
constipation, epigastric burning, and melena on 1 
occasion. Rectal examination revealed a 5 centi- 
meter, firm, friable, irregular mass just above the 
anal sphincter. The biopsy report was adenocar- 
cinoma of the rectum. He left the hospital against 
advice, to return on May 24, 1949 with severe pain on 
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Retouched intravenous pyelogram to show deviation of 
the right ureter without obstruction. 


defecation and bloody stools. A Miles’s resection 
was performed on June 4, 1949. No metastases were 
found and no unusual difficulty was encountered at 
operation. Following removal of the urethral cathe- 
ter, the patient had difficulty voiding and oliguria. 
The nonprotein nitrogen rose to 128 milligrams per 
cent. Previously ordered sulfadiazine was dis- 
continued. 

Urological consultation was requested and he was 
cystoscoped on June 18, 1949. There was marked 
cystitis and sulfadiazine crystals were noted in the 
bladder. The left kidney was catheterized and 50 
cubic centimeters of dark, cloudy urine were ob- 
tained. The left renal pelvis was lavaged with 
sodium bicarbonate solution, and the catheter was 
left in place for drainage. He improved somewhat, 
and on June 26, 1949, a left pyeloureterogram was 
made (Fig. 7a) and the procedure was then repeated 
on the right (Fig. 7b). He became progressively 
oliguric with uremia and died on June 30, 1949. 

At autopsy, there was bilateral suppurative pye- 
lonephritis with severe necrotizing papillitis and a 
right perinephritic abscess. The ureters were of 
normal caliber but were deviated at the level of the 
midsacrum. There was no evidence of recurrent 
carcinoma. - 

Two weeks following abdominoperineal resection, 
there was medial deviation of the ureters with severe 
upper urinary tract disease. In the absence of car- 
cinomatous involvement, it must be assumed that 
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TABLE I.—SUMMARY OF CASES WITH MEDIAL DEVIATION OF THE URETERS 








Site of adenoma Spread Operation 


Postoperative medial 
deviation of ureters 


Remarks 





Anterior resection 
2-20-40 


Nodes 
and liver 


Sigmoid 





Miles’s | ; 
5-4-46 


Rectosigmoid Nodes 





Miles’s 
I-15-°7 


Sigmoid Nodes 





Miles’s 
11-14-47 


Rectosigmoid Nodes 





Rectum Nodes Miles’s 


7-15-48 





Miles’s 
3-12-49 


Rectum Nodes 





Rectum Miles’s 


6-4-49 





Miles’s 
6-18-49 


Ulcerative colitis 





Miles’s 
12-27-49 


Sigmoid Nodes 














Marked at 62 mos. 


“Marked: at 36 mos. 


Marked at 14 mos. 


Marked at 11 mos. 


Died of recurrence. Autopsy on 4-25-46 (Figs. 1a 
and rb) 





Right nephrostomy on 5-7-49. Died of recurrence 





Died of recurrence in 1048 (Fig. 3) 





Living with recurrence (Figs. 4a and 4b) 





Noted at 5 weeks 
Marked at 11 mos. 
Noted at 2 weeks 


Marked at 9 mos. 


Marked. at 3 mos. 


Transurethral resection 9—3- 48 and 1-10-49. Died 
of recurrence. Autopsy on 3-4-49 (Figs. sa, 5b, 
and sc) 


Living with recurrence (Fi igs. 6a and 6b) 





Died of necrotizing papillitis. Autopsy 6-30-29 
(Figs. 7a and 7b) 





Bilateral nephrostomies. Left ureterostomy (Figs. 
8a and 8b) 


“Transurethral resection 3-2-50. 
recurrence (Figs. 9a and gb) 


Living without 








*From the urological service of the Beth Israel Hospital, Boston, Massachusetts. 


**From the private practice of Dr. Frank G. Sheddan, Jr. 


deviation resulted from peritonealizing the pelvic 
floor with inward stress upon the ureters. 

CasE 8. L.B., a 69 year old white male, was ad- 
mitted to the Beth Israel Hospital on February 26, 
1950 with a § day history of oliguria, anorexia, and 
chills without fever. He had been treated for ulcera- 
tive colitis for 12 years. In 1939, a transurethral re- 
section had been done for prostatic enlargement. 
A perirectal abscess was drained in 1940 and a 
transverse colostomy was necessary in 1942 for 
persistent fecal incontinence. He developed a peri- 
colic abscess with an intercolic fistula and under- 
went ileostomy in 1943. The patient continued to 
have a purulent, bloody discharge from the ileos- 
tomy stoma and was subjected to partial colectomy 
the same year. The ascending and transverse por- 
tions were removed; the pathological specimen was 
consistent. with ulcerative colitis. Rectal bleeding 
was experienced in 1949 and on June 9, 1949, the 
remaining large bowel was removed by abdomino- 
perineal resection. The postoperative course was 


uneventful and he was discharged 12 days later. An 


intravenous pyelogram was done in October 1949, 
and a mild right hydronephrosis was present. The 
ureters were not clearly demonstrated. 

Physical examination showed a cachectic, lethar- 
gic, disoriented white male with generalized muscu- 
lar’ twitchings. A functioning ileostomy was noted 
in the right upper quadrant and there were many 
well-healed abdominal scars. The urinary bladder 
was not percussible. 


Laboratory studies revealed a nonprotein nitrogen 
of 120 milligrams per cent. The carbon dioxide 
combining power was 17 volumes per cent with a 
blood chloride value of 596 milligrams per cent. 

Cystoscopy on admission failed to demonstrate 
any bladder urine and the examiner was unable to 
introduce ureteral catheters beyond 4 centimeters; 
however, retrograde injection of the radiopaque 
material outlined the left renal pelvis and ureter 
(Fig. 8a). A partial pyeloureterogram was obtained 
on the right (Fig. 8b). 

A left nephrostomy was done on February 26, 
1950, followed by nephrostomy drainage of the right 
kidney on March 8, 1950. A satisfactory diuretic 
response followed with a return of the blood chemis- 
tries to near normal limits; however, on March 20, 
1950 the patient removed both nephrostomy tubes, 
and it was possible to replace only the right one. 
Exploration of the left ureter was decided upon and 
carried out on March 23, 1950. The left lower ureter 
was imbedded in a mass of firm tissue, showing 
malignant degeneration on pathological examination. 

The discovery of malignant degeneration altered 
the original concept that this case represented medi- 
al deviation with complete ureteral obstruction 
following abdominoperineal resection for a benign 
lesion. Undoubtedly, inward bowing of the ureters 
with its untoward sequelae was produced by car- 
cinomatous invasion of the periureteral tissue. 

CASE 9. L.T., a 55 year old white male, was ad- 
mitted to the surgical service of another hospital on 
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December 12, 1949, with a 1o months’ history of 
rectal bleeding and constipation. Other than a mild 
secondary anemia, the laboratory studies were. with- 
in normal limits. Physical examination was not re- 
markable, but a barium enema demonstrated a large 
lesion of the sigmoid. A Miles’s resection was per- 
formed on December 27, 1949 and at operation, 
nodules were present in the mesosigmoid. The 
immediate postoperative course was complicated by 
urinary retention and infection. Dr. Frank G. 
Sheddan, Jr. was consulted and a transurethral re- 
section was done for prostatic obstruction on March 
2, 1950. Intravenous pyelograms showed bilateral 
medial deviation of the ureters without obstruction 
(Figs. 9a and gb). 

The characteristic ureteral deformity was present 
3 months after Miles’s resection and was the effect of 
either reconstruction of the pelvic floor, carcinoma- 
tous infiltration and metastases, or a combination of 
both components. 


This small series indicates that medial devi- 
ation of the ureters may result from: (z) 
local pelvic extension or lymph node metas- 
tases from lower bowel carcinoma; (2) Miles’s 
resection with recurrence; and (3) combined 
abdominoperineal resection alone. 


DISCUSSION 


The two major factors which influence 
medial deviation of the ureters in cases of 
carcinoma of the sigmoid, rectosigmoid, and 
rectum are: (1) pressure on the ureters from 
carcinomatous invasion of the pelvis with in- 
volvement of the iliac lymph nodes and (2) 
peritonealization of the pelvic floor. 

The mechanical implications of the first fac- 
tor are obvious; the second cause might be 
obviated if care is taken to develop adequate 
pelvic peritoneal flaps and the pelvic floor is 
reconstructed without tension upon the 
ureters. 

A distinction might be made in terminology. 
Medial fixation of the ureters could be con- 
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sidered the result of carcinomatous involve- 
ment; whereas, medial deviation should be re- 
served for the deformity which follows 
surgery. 

Pyelographic studies of the intravenous 
type should be seriously considered as a rou- 
tine preoperative procedure in all instances of 
lower bowel carcinoma, and as a postoperative 
procedure for data on the urinary tract. 

The symptom-complex in the presence of 
ureteral obstruction is quite constant with 
oliguria, anuria, uremia, and death from mas- 
sive hydronephrosis. The treatment is un- 
satisfactory with nephrostomy the procedure 
of choice. 


SUMMARY 


Nine cases of medial deviation of the ure- 
ters have been presented, and the mechanics 
of this condition have been discussed. The 
pyelographic findings are diagnostic of: (1) 
local pelvic metastases from lower bowel 
carcinoma; (2) Miles’s resection with re- 
currence of malignancy; and (3) combined 
abdominoperineal resection alone. 

Innovations in terminology have been sug- 
gested to differentiate between the ureteral 
deformity of carcinoma and that resulting 
from surgery. Recommendations for preven- 
tion and treatment have been made. 
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SERUM ENZYMATIC RESPONSE (DIASTASE AND LIPASE) 
AFTER STIMULATION OF EXTERNAL PANCREATIC 
SECRETION WITH SECRETIN AND 
METHACHOLINE 


A Preliminary Report 


RAFAEL SANCHEZ-UBEDA, M.D., and LOUIS M. ROUSSELOT, M.D., Med. Se.D., 
New York, New York 


HE experimental study and clinical 

knowledge of the diseases of the pan- 

creas have not kept pace, particularly 

in reference to the chronic affections 
of this gland, with the progress made in the 
study of other organs. This lack of progress is 
due to the presence of certain anatomical and 
physiological characteristics. The pain pat- 
terns and other symptoms simulate those of 
other disorders of digestion. The secretory 
function of the pancreas has only a subtle 
influence in the body economy and it is there- 
fore difficult to detect a deficiency in its func- 
tion in the early stages. The gland is sheltered 
in the deepest part of the peritoneal cavity 
and is covered by overlying organs. On ac- 
count of its inaccessability all but the most 
marked changes in its mass are hidden from 
the clinician’s examining finger. Far advanced 
anatomical changes are often disguised by the 
great reserve functional capacity of the pan- 
creas. The external secretions of the pancreas 
flow into the duodenum and their collection 
has been fraught with many difficulties and, 
until recently, has been studied only indirectly 
by analyzing the end products of their action 
on food. The study of pancreatic enzymes 
collected in the duodenum after stimulation 
of the pancreas is valuable but cumbersome 
and does not usually reveal early disease (8, 
9, 10, 11, 30). There is no known excre- 
tory function of the pancreatic gland and so 
we are robbed of a tool that has proved of 
inestimable value in the assay of other organs, 
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such as the liver and kidney. When diabetes 
occurs secondarily to pancreatic acinar dis- 
ease it indicates a late stage in the disease. 
Roentgenology offers an indirect method of 
diagnosis but is helpful only when the pan- 
creas produces pressure defects on adjacent 
structures. Pancreatic calcinosis, as demon- 
strated by the x-ray, is indicative of prolonged 
and repeated injury and is a late phase of 
pancreatitis. These considerations emphasize 
the need for a reliable and accurate method for 
the diagnosis of chronic pancreatic diseases in 
their earlier stages. 

Although the determination of pancreatic 
enzymes in the blood stream and bile has been 
of great value in the diagnosis of acute pan- 
creatitis (7, 13, 15, 16, 19, 20, 23, 46), in the 
study of chronic disease of the pancreas, sim- 
ple serum enzyme determinations are of lim- 
ited value (25, 26). If the study of serum 
diastase and lipase could be adapted to clinical 
use in the subacute phases of disease of the 
pancreas, it might prove a valuable tool to 
the clinician. For the sake of clarity the fol- 
lowing terms used in this work are defined. 
Acute pancreatitis designates the acute, initial 
onset of the disease in a patient who has never 
had a previous attack or shown symptoms 
suggestive of previous pancreatic disease. 
Chronic relapsing pancreatitis indicates the 
occurrence of more than one attack of acute 
pancreatitis. These may be of varying sever- 
ity and frequency with intervals more or less 
symptom free. This is considered the sub- 
acute stage of the disease and is referred to as 
subacute pancreatitis to distinguish clearly be- 
tween the acute pancreatitis, on the one hand, 
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and chronic atrophic pancreatitis on the other. 
The term chronic pancreatitis, as used here- 
in, signifies the late atrophic stage of the 
disease; the predominant signs and symptoms 
are those of deficiency of external pancreatic 
secretion with or without diabetic tendency. 
Calcification may be present as determined 
by roentgenography. 

We have reason to believe that combined 
hormonal and vagal stimulation of external 
pancreatic secretion will produce a rise in the 
serum diastase that is significantly higher in 
patients with subacute disease of the pancreas 
than in subjects with no pancreatic diseases 
or patients with extensive pancreatic damage 
such as occurs in the late atrophic phase of the 
disease. This observation may be helpful in 
the diagnosis of chronic relapsing pancreatitis 
in its earlier and often more obscure stages. 

Serum diastase is normally present in the 
blood stream in concentrations constant in 
the same individual (44) but variations among 
normal subjects may be as much as 200 per 
cent (46). It is generally accepted that human 
serum diastase is identical with that found in 
the pancreas, salivary glands, urine, and 
other body fluids. The pancreas is considered 
as the most likely source of serum diastase 
in the body. There is no unanimity of opinion, 
however, as to whether this gland is solely or 
only partially responsible for serum diastase 
or whether another organ or organs, such as 
the liver, are concerned in its formation (4, 12, 
20, 23, 43, 44, 45, 46). Serum lipase has also re- 
ceived considerable attention in the clinical 
and experimental study of the pancreas (7, 
12,19, 25, 26). The normal serum lipase seems 
to be entirely dependent on the presence of 
functioning pancreatic acinar tissue. 

We became interested in the study of 
serum enzymes, diastase, and lipase, as an 
aid in the diagnosis of subacute pancreatic 
disease while conducting a series of experi- 
ments designed to evaluate certain modifica- 
tions of the so called secretin test. In these 
experiments the pancreas of patients with and 
without pancreatic disease was stimulated 
concurrently with secretin and methacholine 
chloride U.S.P. (mecholyl). As a collateral 
study it was thought of interest to note the 
effect of such stimulation of external pan- 
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creatic secretion on serum diastase and lipase. 
These “secondary” studies proved so sugges- 
tive that further experiments in this direction 
seemed desirable. Our screening tests ap- 
peared to follow a pattern and indicated the 
possibility that this effect might be helpful in 
the clinical study of pancreatic disease. 


METHODS AND MATERIAL 


After a fasting period of 12 hours, a speci- 
men of blood for determination of lipase and 
diastase is drawn from the antecubital vein; 
100 units of secretin intravenously and 15 
milligrams of methacholine intramuscularly 
are given in quick succession. Sixty minutes 
later blood is again drawn for diastase and 
lipase analysis. Dosage of methacholine used 
is as large as possible, compatible with clinical 
use. The dose of secretin was chosen arbi- 
trarily although it probably represents a maxi- 
mum dose as evidenced by duodenal collec- 
tions of pancreatic enzymes (30). Atropine 
0.3 milligram is held in readiness for intrave- 
nous administration in the event of severe 
reaction to methacholine. Occasion for the 
use of atropine has not arisen. We chose to 
administer methacholine intramuscularly to 
avoid possible variation attendant on admini- 
stration of medication parenterally if the 
subcutaneous route is used. Actually, it is 
probably of little importance since the local 
vasodilating action of this drug produces al- 
most as rapid absorption from a subcutaneous 
tissue as from the muscle. The lipase de- 
termination was performed according to the 
method of Cherry and Crandall and the dia- 
stase determination was performed according 
to Somogyi (43). (All determinations were 
done by technicians in the clinical laboratory 
of this hospital. Laboratory personnel were 
not aware of the nature of the study nor of 
the diagnosis of the patient.) Normal diastase 
range is considered 60 to 180 milligrams. The 
range in error for serum diastase in duplicate 
and triplicate examinations is from o to 36 
with a mean error of 8 in normal and abnormal 
determinations. Normal lipase range is o to 
1.5 units and the maximum error is 0.6 unit 
in duplicate determinations. A unit is equiva- 
lent to 1 cubic centimeter of 20th normal so- 
dium hydroxide solution. 
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TABLE I.—SERUM DIASTASE RESPONSE AFTER 
SIMULTANEOUS METHACHOLINE AND SE- 
CRETIN STIMULATION IN PATIENTS WITH 
NO EVIDENCE OF PANCREATIC DISEASE 


Standard 
deviation 
30.1 
56.1 
40.9 


Mean 


Basal value 

Post stimulation value 
Actual rise 

Percentage rise 


The cases of 52 patients were studied. One 
test at least was done on each patient. When 
two or more tests were done on one patient, 
only the results of the first test performed are 
included in this report for statistical reasons. 

The patients studied were divided into 3 
groups. 

Group I—control group. This group is com- 
posed of patients with no pancreatic disease 
and included 31 patients from the surgical and 
medical wards of this hospital. Thirty-one 
serum diastase responses and 29 serum lipase 
responses to secretin and methacholine were 
determined. In these patients no evidence of 
pancreatic disease was evident by sign or 
symptom. Laboratory studies showed no evi- 
dence of pancreatic disturbance. No truly 
normal subjects were studied since they were 
all hospital patients. 

Group II—proved pancreatic disease. This 
group included 7 patients (2 of whom were 
examined through the courtesy of Dr. A. Levy 
of the Veterans Administration Hospital, 
Staten Island), in whom the diagnosis of pan- 
creatic disease was confirmed at operation 
either by gross pathology or by pancreatic 
biopsy. The morphologic criteria for pancrea- 
titis are those of acute and chronic inflamma- 
tion. It is almost impossible to determine the 
exact degree of involvement and chronicity by 
histological examination of a biopsy specimen. 
Therefore the distinction between acute pan- 
creatitis and chronic relapsing (subacute) pan- 
creatitis and to a certain degree chronic atroph- 
ic pancreatitis is a clinical one, as defined 
earlier in this paper. Five of these cases pre- 
sent the typical clinical picture of chronic 
(subacute) relapsing pancreatitis. One patient 
had had an attack of acute pancreatitis ac- 
companying cholecystitis as evidenced by 
high serum diastase, nonfunctioning gall 
bladder and the presence of cholecystitis and 
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TABLE II.—SERUM DIASTASE RESPONSE AFTER 
SIMULTANEOUS METHACHOLINE AND SE- 
CRETIN STIMULATION IN PATIENTS WITH 
PROVED PANCREATIC DISEASE 


Mean Standard 


deviation 
44.1 
76.3 
72.2 


Basal value 

Post stimulation value 
Actual rise 

Percentage rise 


cholelithiasis at operation. One patient was 
operated upon for obstructive jaundice, and a 
circumscribed tumor of the head of the pan- 
creas, extremely suggestive of neoplasm, was 
encountered. A biopsy specimen of the pan- 
creas was not taken; biopsy of the liver 
showed pronounced biliary obstruction. 
Group III—suspected pancreatic disease. 
This third group included 14 patients in whom 
the clinical diagnosis of chronic relapsing pan- 
creatitis had been suspected but not proved. 


STATISTICAL ANALYSIS OF GROUPS I AND II 


Diastase. The mean increase in serum 
diastase was 34.51 units with a standard de- 
viation of 40.9 for Group I (N 30) (Table I) 
and the mean increase in Grdup II (Table IT) 
is 148.1 with a standard deviation of 72.2 (N 
7). The difference between the means of 
Group I and Group II when tested by the T- 
test gives a value for P of less than o.oo1 
indicating the difference between the two 
groups is very probably significant. On the 
basis of the above values 95 per cent of the 
patients who fulfill the criteria for Group I 
would be expected to have an increase in 
serum diastase of 34.51-+ (1.96x40.0). The 
upper limit of normal is thus approximately 
116 units of diastase. A certain rise in normal 
animals and humans has been reported by 
other investigators. Approximately one-third 
of the control subjects showed some rise in 
serum diastase. This rise did not approach 
the upper limit of normal of 116 milligrams. 
Factors such as weight, age, sex, race did not 
seem to influence the results obtained in the 
control group. The presence of diabetes and 
infection in a few cases did not produce 
abnormal results. 

If an increase of more than 116 units of 
serum diastase following stimulation of the 
pancreas with methacholine and secretin is 
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TABLE III.—SERUM LIPASE RESPONSE AFTER 
SIMULTANEOUS METHACHOLINE AND SE- 
CRETIN STIMULATION IN PATIENTS WITH 
NO EVIDENCE OF PANCREATIC DISEASE 


Mean Standard 
deviation 
ee PO See 0.6 0.6 
Post stimulation value....... 1.4 1.8 
ee ere 0.8 1.5 
Percentage TiS€......0.cceeee 133-3 


considered a significantly positive response 
and a criterion for pancreatic disease (sub- 
acute) we find that 5 of the 7 patients in 
Group II meet this criterion and we thus have 
5 true positives and apparently 2 false nega- 
tives. In Group I, we find that in 31 patients 
only 1 patient surpasses 116 units, thus giving 
30 true negatives and 1 false positive. These 
findings are graphically portrayed in Figure 1. 
When arranged in this fashion the data can be 
subjected to a chi-square test and a value for 
P 0.001 is again obtained, indicating that the 
difference is very probably significant. 

Group II under the criterion used included 
2 apparently false negatives. Analysis of 
the 2 cases is revealing and to the point. 


CAsE 4. A 31 year old female has a history con- 
sistent with longstanding gall-bladder disease and 
on admission presented signs and symptoms very 
suggestive of acute exacerbation of cholecystitis. 
Serum diastase was markedly elevated. Subsequent 
study showed a nonfunctioning gall bladder; chole- 
cystectomy and choledochostomy were performed 
for subacute cholecystitis with cholelithiasis. At 
operation the pancreas was indurated and “fat 
necrosis” was present. No stones were found in the 
common duct. Patient has been followed for 10 
months now and she has had no further episodes 
of abdominal disease. The serum enzyme response 
test was carried out 1 month after surgery. At this 
writing this patient cannot be said to have chronic 
recurring pancreatitis and the one attack of acute 
pancreatitis was probably associated with calculus 
disease of the gall bladder and had been cured by 
surgery of the latter. Thus, the negative result in 
this patient is not false but probably an accurate 
index of the absence of pancreatitis at the time of 
the test. 

CasE 5. A 49 year old male was operated upon at 
another hospital and a diagnosis was made of acute 
pancreatitis. Prior to and following this exploration, 
he had had several episodes of abdominal pain asso- 
ciated with elevated diastase determination. Then 
followed a symptom free period of 28 months. On 
admission to St. Vincent’s Hospital he was studied 
and examinations included normal pancreatic func- 
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TABLE IV.—SERUM LIPASE RESPONSE AFTER 
SIMULTANEOUS METHACHOLINE AND SE- 
CRETIN STIMULATION IN PATIENTS WITH 
PROVED PANCREATIC DISEASE 


Mean Standard 


deviation 
LCT eee 0.7 0.7 
Post stimulation value....... 2.4 2.4 
GRIND 5 5:05 Cae ace KR 1.7 2.0 


tion response. It is fair to assume that although this 
patient had had chronic relapsing pancreatitis, at 
the time of this study the process was arrested. 


In Group III are the undiagnosed cases and 
therefore they are not statistically valid until 
the exact state of the pancreas is finally de- 
termined. It is interesting, however, that 50 
per cent of the cases suspected of chronic 
relapsing pancreatic disease had significantly 
high responses to serum diastase tests. 

Lipase. The results obtained when serum 
lipase was studied after stimulation of the pan- 
creas are tabulated in Tables III and IV and 
portrayed graphically in Figure 2. No statis- 
tical significance can be attached to these re- 
sults. It might be that a determination of 
the lipases concentration at a longer interval 
after stimulation may demonstrate a delayed 
rise. This is contrary to the experience of 
Popper who found in dogs that lipase re- 
sponse was a more reliable indicator of the 
state of the pancreas than was the diastase 
response. We cannot account for this dif- 
ference. 


REVIEW OF THE RELATED LITERATURE 


Several investigators have demonstrated 
that blood diastase concentration will be 
elevated after the injection of parasympatho- 
mirhetic drugs into animals (1, 3, 22, 28, 32). 
Friedman and Thompson also noted this 
phenomenon in normal dogs and made the 
important observation that total pancreatec- 
tomy and longstanding ligation of pancreatic 
ducts with atrophy of pancreas abolished the 
rise seen in normal dogs. In a series of animal 
experiments Popper and his coworkers (37, 38, 
39, 40) have investigated the effect of secretin 
alone and in conjunction with vagomimetic 
drugs on serum diastase and lipase. They 
noted an elevation of serum diastase and lipase 
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Fig. 1. Serum diastase response to methacholine and 
secretin stimulation. 


in normal dogs. This effect was not seen in 
animals in whom pancreatic fibrosis had been 
induced by surgical ligation of pancreatic 
ducts. Secretin alone produced a rise in serum 
enzymes in animals whose pancreas have been 
recently ligated but the same dosage of this 
hormone did not produce a rise in a normal 
animal. 

Subsequent workers have extended and 
translated Popper’s work to studies on the 
human subject (5, 33, 35). Attention has been 
centered on demonstrating the presence of 
extensive pancreatic damage as evidenced by 
the lack of serum enzyme response to pan- 
creatic stimulation. A positive response in 
normal individuals and in patients who had 
no evidence of pancreatic disease, however, 
is not uniformly present. Thus, the absence of 
an enzyme response after stimulation cannot 
be considered evidence of pancreatic disease. 

Only Muether and his coworkers have sug- 
gested that an increase response of serum 
enzymes may be expected in some stages of 
pancreatic disease and approached his prob- 
lem in a somewhat different fashion. They 
stimulated pancreatic function with prostig- 
mine in four different groups of subjects. 
Normal controls showed no response nor did 
the patients with far advanced disease of the 
pancreas. In 2 groups of patients with sub- 
acute disease of the pancreas a rise in serum 
diastase varying in magnitude and duration 


Fig. 2. Serum lipase response to methacholine and 
secretin stimulation. 


was found. We have used methacholine and 
secretin concurrently and also obtained what 
appears to be a significantly greater serum 
enzymatic response with subacute pancreatic 
disease than in control subjects without pan- 
creatic disease. 


DISCUSSION 


Possible mechanism of the elevation of serum 
enzymes after stimulation of external pancreatic 
secretion in subjects without pancreatic disease. 
Secretin when given to animals and humans 
sometimes will produce a rise in serum en- 
zymes (5,35, 39). Lhis effect when it occurs can 
be attributed to the sudden engorgement of 
pancreatic radicles with secretion and perhaps 
backflow into the blood stream. In addition, 
if one adheres to the theory that it is a normal 
pancreatic function to supply serum enzymes, 
then a rise in concentration of these pancreatic 
enzymes perhaps should follow when the gland 
is stimulated. If stimulation is strong enough 
the liberation of enzymes into the blood stream 
may be sufficient to make it clinically de- 
tectable. 

When a rise in serum diastase is seen after 
the administration of vagomimetic agents 
such as methacholine and physostigmine it 
could also be explained by sudden strong 
secretory activity. Further there is evidence 
that at least in animals these vagomimetic 
agents produce spasm of the pancreatic ducts 
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with temporary but definite obstruction to the 
flow of the newly produced secretion (2, 27). 
This obstructive component would increase 
the tendency of pancreatic secretion to gain 
access to the blood stream. The importance 
of physiologic obstruction to pancreatic flow 
(presumably at the sphincter of Oddi) in pro- 
ducing a rise in serum diastase has been 
demonstrated by Lagerloff (29) and Myhre. 
They noted some increase in serum diastase 
after morphine was given to human subjects 
alone and together with secretin. 

Possible mechanism of increased serum 
enzyme response in patients with subacute pan- 
creatitis after stimulation of external pancreatic 
secretion. In acute pancreatitis, pancreatic 
enzymes gain entrance into the blood in 
detectable amounts. Presumably the rupture 
of pancreatic ductules allows the escape of 
ferments into the parenchyma and thence into 
the blood and lymph vessels. Obstruction 
would appear to play an important part in this 
sequence of events. The prevalent theories of 
causation of pancreatitis assume obstruction 
to the flow of pancreatic secretion whether ob- 
struction be at the sphincter of Oddi as in the 
“common channel” theory (14, 36) or intra- 
luminal in the pancreatic tree as postulated by 
Rich and Duff. These latter observers empha- 
size the importance of obstruction when they 
note that in order to produce pancreatitis 
experimentally by the introduction of an active 
agent into the pancreatic duct, the amount 
injected must be sufficient to produce rupture 
of pancreatic radicles. It is probable, then, 
that in many cases of pancreatitis there is an 
element of obstruction which contributes to 
the elevation of pancreatic serum enzymes 
demonstrable at the time of the episode of 
acute pancreatitis. 

In our studies we have demonstrated a con- 
sistently higher response of serum diastase 
concentration in patients with certain stages of 
pancreatic disease, i.e., when acinar tissue is 
still present and capable of producing enzymes, 
than in patients with presumably normal 
pancreas after stimulation with methacholine 
and secretin. We do not know with certainty 
why this increased response occurs. It can 
theoretically be explained by postulating the 
presence of partial obstruction in the pan- 


creatic duct system or to total obstruction in 
some of the branches of this sytem. Intermit- 
tent obstruction or the tendency of obstruc- 
tion, as might be produced by spasm of the 
sphincter of Oddi, could also be the answer. 
Other observers, who noted an increase in 
serum diastase during cholangiography, cor- 
roborate the importance of the increased 
tension in the lumen of pancreatic radicles 
in producing high serum diastase concentra- 
tion (47). When methacholine and secretin are 
given to patients with pancreatic disease, in 
whom there is sufficient active pancreatic tis- 
sue, a profuse flow of secretion ensues. In the 
presence of obstruction there will be a greater 
backflow of enzymes into the blood stream in 
these cases than in normal. In addition meth- 
acholine may have a constricting effect on the 
pancreatic ducts (2, 27) and this enhances any 
obstruction that may have been present 
initially. In cases of cancer of the gland, a rise 
in serum diastase may be due to obstruction 
to the flow of enzymes secreted by normal 
tissue distal to the neoplasm. 

Possible application of serum diastase re- 
sponse after stimulation to the study of pan- 
creatic disease in the individual patient. The 
statistical difference in the serum diastase 
response exhibited between the group of 
patients with presumably no_ pancreatic 
disease, Group I (control group), and those 
with demonstrated pancreatic disease, and 
the clinical picture of subacute pancreatitis, 
Group II, is impressive. The uniformity of 
this difference in individual results in our brief 
series of pathological cases suggests that the 
serum enzymatic response might prove of 
value in the clinical studies of patients sus- 
pected of chronic relapsing pancreatitis. This 
is borne out in 4 of 5 cases of chronic relapsing 
pancreatitis in whom a significantly positive 
response was obtained. The negative response 
was obtained in a patient who had been quies- 
cent for a long period of time. It is of interest 
that the 1 patient in whom early malignancy 
of the pancreas with obstructive jaundice is 
very likely also demonstrated a positive re- 
sponse. The fact that one control patient 
exhibited a significantly positive result raises, 
however, a semaphore of caution. A more 
extensive clinical trial will be necessary to 

















determine the actual value of these observa- 
tions in the clinic. 

Pancreatitis is a disease which in many 
cases progresses through various stages in the 
same patient. Thus, acute pancreatitis, (sub- 
acute) chronic relapsing pancreatitis, and 
chronic atrophic pancreatitis can be con- 
sidered to be different stages of the same 
disease process. It is in the subacute stage 
of the disease when active acinar tissue is still 
present that the serum enzyme response can 
be of most use, since this phenomenon pre- 
supposes not only a pathological derangement 
such as obstruction but also pancreatic tissue 
capable of secreting under stimulation. 

In most cases of acute pancreatitis the 
diagnosis can be made by an early determina- 
tion of serum diastase. If the patient is seen 
too late for this test to be of diagnostic value 
and if pancreatitis is suspected, study of the 
serum diastase response carried out after re- 
covery should be an aid in determining the 
nature of patient’s illness. 

Possible sources of error in the interpretation 
of serum enzyme diastase response after stimu- 
lation with methacholine and secretin as an aid 
in the diagnosis of chronic relapsing pancrea- 
titis. It is well to emphasize that the response 
in serum diastase observed in patients after 
stimulation is relative to the basal values be- 
fore stimulation. Thus our figure of 116 units 
of serum diastase as the upper border of nor- 
mal is true only in relation to the basal level 
obtained in our laboratory. The serum dia- 
stase determination, though performed by the 
same chemical method, will give a different 
range of normal in different laboratories. 
Myhre has recently obtained basal values 
which are considerably higher than ours, using 
the Somoygi method in patients without pan- 
creatic disease. As Bauman points out there is 
lack of agreement between clinics as to what 
the normal diastatic activity is in the human. 
Therefore, it is important that the response of 
serum diastase in patients with pancreatic 
disease after stimulation with methacholine 
and secretin be compared to the response ob- 
tained in a series of controls in the same lab- 
oratory. The normal range of response can 
be calculated from the mean and standard 
deviation of the normal series studied. 
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The test will not be of much value in pa- 
tients who have suffered long and who have 
severe disease of the pancreas in which de- 
struction of pancreatic tissue has proceeded to 
the point where it precludes a positive serum 
enzymatic response. In the majority of these 
cases severe metabolic disturbances mani- 
fested by diarrhea, steatorrhea, creatorrhea, 
and diabetes, as well as x-ray evidence of ¢alci- 
fication of the pancreas will indicate the late 
stage of chronic atrophic pancreatitis. We 
have found the study of duodenal enzymes of 
value in these cases. 

Patients with duodenal ulcers might present 
an abnormal elevation of serum diastase fol- 
lowing stimulation particularly if the ulcer is 
posterior in position and penetrating into the 
pancreas (24, 41). A gastrointestinal series will 
demonstrate the presence of ulcer and indicate 
that the pancreatic response is a sign of second- 
ary involvement. The results of this test will 
have to be very carefully evaluated in the pres- 
ence of obstructive jaundice. Choledocholith- 
iasis and carcinoma of the head of the pancreas 
are both capable of producing obstruction of 
pancreatic channels with a positive serum 
diastase response. When the nature of acute 
jaundice is not clear a positive serum diastase 
response would favor the presence of obstruc- 
tive jaundice probably due to neoplasm of the 
head of the pancreas. 

This test will not be more accurate than the 
serum diastase in itself. This determination is 
of proved value in the diagnosis of acute pan- 
creatitis but occasionally patients with ab- 
dominal disease other than pancreatitis will 
demonstrate a high serum diastase. We have 
had one such case recently. A patient with 
acute gangrenous appendicitis had a serum 
diastase level of 600 units 3 days after appen- 
dectomy which gradually dropped over a 
period of a week. There was no indication of 
pancreatic disease at any time during the 
period of observation (6 months). 


CONTRAINDICATIONS AND UNTOWARD 
REACTIONS 


The possibility that the stimulation of the 
pancreas of a person with chronic relapsing 
pancreatitis might give rise to an exacerbation 
should be considered. We have encountered 
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no difficulty in our patients. Caution must be 
exercised in the use of stimulation of external 
pancreatic secretions in patients soon after a 
severe attack. 

There are certain contraindications to the 
use of methacholine. The principal one is 
asthma, as this agent may precipitate an at- 
tack in asthmatic individuals. Severe coro- 
nary disease is also a contraindication to the 
administration of this drug. Atropine for in- 
travenous use should be prepared and be 
available as a prophylactic measure. 

Secretin in our hands has proved a satisfac- 
tory and remarkably nontoxic agent with 
seemingly no specific contraindications. It is 
important, however, that the manufacturer’s 
directions be carefully adhered to and that it 
be stored in a cold place and not exposed to 
high temperatures. One of our patients ex- 
hibited severe symptoms following the injec- 
tion of secretin after it had been inadvertently 
exposed to high room temperature for a pro- 
longed period of time. The reaction included a 
state of anxiety, momentary drop in blood 
pressure, tremulousness, pounding headaches, 
loin pain radiating down the back of the legs, 
all of which lasted approximately 5 to 8 min- 
utes and followed the injection of 24 units of 
denatured secretin solution. There were no 
undesirable sequelae. 


SUMMARY 


1. The response of serum enzymes, lipase 
and diastase, to concommitant stimulation of 
external pancreatic secretions with metha- 
choline and secretin was studied in normal 
subjects and patients proved to have had pan- 
creatitis (pathological diagnosis). One case of 
probable cancer of the pancreas was studied 
in this series. A third group of patients in 
whom pancreatitis might have been present 
was also studied. This group was not statisti- 
cally analyzed since the diagnosis was not 
proved anatomically. 

2. The elevation of serum diastase concen- 
tration in certain types of pancreatic disease is 
greater in a statistically significant degree 
than that seen in patients without pancreatic 
disease. Individual responses of serum dia- 
stase within these groups follow a uniform 
pattern. Ninety-five per cent of the patients 
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with normal pancreas can be calculated to 
exhibit response of less than 116 units (So- 
mogyi) of diastase. These results are consist- 
ent enough to suggest that this study may be 
of value in the clinical evaluation of patients 
with pancreatic disease. Serum lipase re- 
sponses in our hands did not appear to follow 
a consistent pattern when assayed 1 hour 
after stimulation. 

3. The possible mechanism of serum dia- 
stase elevation when seen in patients without 
pancreatic disease is discussed. The pathologi- 
cal factors that may account for the consist- 
ently greater response seen in patients with 
certain disease of the pancreas are considered. 

4. This observation appears to be appli- 
cable to the study of subacute pancreatic dis- 
ease and perhaps early neoplasm of the pan- 
creatic gland. A case of probable carcinoma of 
the pancreas gave a positive result. 

5. The possible sources of error of this test 
are discussed. There is need for further clini- 
cal study. No adverse reactions should be en- 
countered in concurrent use of secretin and 
methacholine if certain precautions previously 
outlined are followed. 
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ATTEMPTS AT DETECTION OF LECITHINASE IN THE 
BLOOD AND LYMPH FOLLOWING INTESTINAL 
STRANGULATION OBSTRUCTION 


HAROLD LAUFMAN, M.D., Ph.D., F.A.C.S., CARLOS A. TANTURI, M.D., F A.C.S., and 
WALTER E. FURR, JR., M.D., Chicago, Illinois 


ECITHINASE, the alpha toxin of type A 
Clostridium welchii, was recently iden- 
tified by Tanturi and associates in the 
peritoneal fluid of dogs with gangre- 

nous appendicitis (12) and in the lumen of 
strangulated intestinal loops (2, 13). 

The purpose of the present work was to in- 
vestigate the problem of absorption of this 
enzyme. If the assumption be made that a 
lecithinase is one of the toxic factors in in- 
testinal strangulation obstruction, it must be 
established, among other things, that absorp- 
tion takes place. We wish to describe experi- 
ments in which attempts to detect lecithinase 
were made in the peripheral blood, in the por- 
tal vein blood, and in the thoracic duct lymph 
of animals with intestinal strangulation ob- 
struction. We also infused dogs with commer- 


cially prepared lecithinase and attempted to 
recover the substance in the blood stream. 


EXPERIMENTAL DATA 


Attempts to detect lecithinase in the peripheral 
blood of animals with intestinal strangulation 
obstruction. Eight animals were subjected to 
strangulation obstruction by means of binding 
tape involving a 10 inch loop of terminal ileum. 
In all experiments the tape was applied snugly 
enough to occlude the venous drainage but 
allowed arterial pulsations to come through. 
The latter invariably ceased after a few min- 
utes. After strangulation in this manner the 
loop was returned to the abdomen and the 
abdominal wall closed. Such loops acquired a 
nonviable appearance in 4 to 8 hours and the 
animals died in from 7 to 18 hours and were 
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kept under light nembutal anesthesia for the 
entire period of time. Specimens of per- 
ipheral blood and intraperitoneal fluid were 
taken concomitantly at intervals ranging from 
1 to 4 hours between the time of strangulation 
and death. 

The technique of testing for lecithinase was 
adapted from that described by van Hey- 
ningen. This is a turbidimetric analysis car- 
ried out on a Coleman universal spectro- 
photometer at 560 lambda. Suitable blanks 
were introduced as controls with each reading. 
Since it is known that the turbidity produced 
by a given amount of enzyme varies with the 
different lecithovitellin solutions, as well as 
with the age of the solution, control reactions 
using standard Clostridium welchii toxins 
were carried out each time the unknown solu- 
tions were analyzed. Each dog served as its 
own control since we found that it was im- 
possible to detect lecithinase in any of the 
fluids before the bowel turned black. Detec- 
tion of less than 0.5 mouse minimum lethal 
dose per cubic centimeter was considered in- 
significant, since the experimental error in 
dilutions might play a role in smaller quan- 
tities. 

In no instance were we able to demonstrate 
significant amounts of free lecithinase in the 
peripheral blood of animals with intestinal 
strangulation obstruction. 

Attempts to detect lecithinase in the portal 
blood of animals with intestinal strangulation 
obstruction. With use of the same technique 
for strangulation as described 10 animals were 
reoperated upon 12 to 14 hours later. At this 
time samples of blood were taken at hourly in- 
tervals from the portal vein until the time of 
death. 

Lecithinase determinations on the portal 
blood of these animals at no time demon- 
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strated significant amounts of the toxin. How- 
ever, in 1 animal we detected 0.5 mouse mini- 
mum lethal dose per cubic centimeter of leci- 
thinase 3 hours before death. This faint tur- 
bidity may well have indicated the presence 
of the toxin, but this 1 positive test was 
insufficient evidence on which to base any 
conclusions. 

Attempts to identify lecithinase after intra- 
venous infusion with commercially prepared 
lecithinase. Five dogs were infused with 2 
minimum lethal doses per cubic centimeter of 
the commercially prepared toxin by slow con- 
tinuous intravenous drip. Blood pressure, 
pulse, respiration, and hematocrit readings 
were made on these animals at regular inter- 
vals and plasma lecithinase determinations 
were carried out on blood taken from a vessel 
of another limb. These animals died in ap- 
proximately the same length of time as did the 
animals with planned strangulation obstruc- 
tion. All the animals exhibited marked hemol- 
ysis of the blood (10). In 3 of 5 dogs we were 
able to detect only a small fraction (10 to 12 
per cent) of the amount of lecithinase injected. 
These tests did not become positive until the 
blood was markedly hemolyzed and a quantity 
of toxin, approximately 100 minimum lethal 
doses per kilogram of body weight was in- 
jected (Fig. 1). 

As a result of our studies on the blood it be- 
came obvious that we would be more likely to 
demonstrate the toxin in the lymph. The lat- 
ter is relatively cell free and contains fewer 
antibodies. On the other hand it usually has 
a higher lipoid content than peripheral blood. 
Lipoid definitely inhibits the toxin and there- 
fore the experiments were designed to elim- 
inate as much lipoid material from the lymph 
as possible. 

Attempis to recover lecithinase from the thorac- 
ic duct of animals with intestinal strangulation 
obstruction. In order to reduce the amount of 
lipoid material in the thoracic duct it was 
necessary to cannulate the duct without feed- 
ing the dog the standard fatty meal pre- 
operatively. Polythene tubing was used for 
cannulation. In 10 dogs the thoracic duct was 
cannulated a few minutes before or after 
strangulation of the bowel. In the first 4 in- 
stances the dog was given a bowl of milk 24 
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Fig. 1. Typical result following intravenous infusion 
with commercially prepared lecithinase. 


hours preoperatively and the animal was al- 
lowed to drink at will from a bowl of 5 per cent 
dextrose in physiological sodium chloride 
solution placed in its cage the night before 
surgery. This procedure produced a transient, 
slight turbidity of the lymph which permitted 
easy dissection of the thoracic duct and did not 
interfere appreciably with the turbidimetric 
test. This practice resulted in a flow of 15 to 
25 cubic centimeters of lymph per hour. In an 
attempt to increase the accuracy of the test, 
milk was omitted completely in the other 6 
instances. This resulted in a perfectly clear or 
mildly opalescent, straw-colored thoracic duct 
lymph which appeared to the naked eye not 
unlike diluted urine or plasma. Dogs with 
intestinal worm infestations could not be used 
since we found them to have a scanty flow of 
bloody thoracic duct lymph which clotted ex- 
tremely rapidly. 

The loop of ileum was strangulated in the 
manner as previously described. Specimens 
of thoracic duct lymph were collected at 
hourly intervals in separate tubes. Specimens 
obtained at night were immediately placed in 
a deep-freeze compartment and preserved for 
analysis the next day. Specimens at various 
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TABLE I.—RECOVERY OF LECITHINASE FROM 
THORACIC DUCT LYMPH 
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intervals were taken concomitantly from the 
intraperitoneal fluid and the peripheral blood. 
Intraluminal samples were taken at the time 
of death. 

We were able to obtain a positive test for 
significant amountsof lecithinase in the thorac- 
ic duct fluid in 7 of 10 dogs subjected to the 
above procedure. In these animals 0.5 mouse 
minimum lethal dose or more per cubic centi- 
meter was demonstrated. In no instance were 
we able to detect lecithinase in less than 5 
hours following strangulation. All tests on 
thoracic duct lymph for hyaluronidase were 
negative (Table I). 

In all instances lecithinase was found in the 
intraluminal fluid and in the intraperitoneal 
fluid after strangulation. 

Inasmuch as we were dealing with a tur- 
bidimetric test, we were concerned over the 
possibility that the test might not be specific 
for lecithinase, but that it might represent a 
positive reaction for other as yet unidentified 
substances. The specificity of lecithinase 
could be checked by chemical analysis for by- 
products of lecithin hydrolysis. 

The chemical test is based on the finding 
that a phospholipase like lecithinase is capable 
of inducing a shift of phosphorus from its bond 
with lipids to the acid soluble phosphorus 
fraction. Before hydrolysis the quantity of 
lipid phosphorus in thoracic duct lymph is 
approximately ro milligrams per cent, while 
that of the acid soluble phosphorus is about 4 
milligrams per cent, making a total phosphorus 
of 14 milligrams per cent. After hydrolysis by 
a phospholipase the lipid phosphorus com- 
partment shrinks, while the increment in the 
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acid soluble phosphorus is proportional, the 
total phosphorus remaining unchanged. 

The phosphorus compartment study was 
conducted on thoracic duct lymph at 2 hourly 
intervals following strangulation until death. 
The sample was passed through a Sietz filter 
immediately after collection. Total phos- 
phorus and acid soluble phosphorus measure- 
ments were made by the technique described 
by GémGri. The material was then incubated 
at 37 degrees C. for 3 hours and the deter- 
mination for acid soluble phosphorus was re- 
peated. We found an appreciable increment 
in the acid soluble phosphorus compartment 
which, according to MacFarlane (9, 10), offers 
direct chemical evidence of the presence of the 
enzyme lecithinase. In other words, a shift of 
the phosphorus to the acid soluble compart- 
ment is indicative of the enzyme reaction, 
since hydrolysis results in a breakdown of the 
lecithin present into a diglycerol and phos- 
phocholine, the latter of which falls into the 
acid soluble phosphorus compartment. 

Samples, taken at various time intervals be- 
fore and after lecithinase became detectable 
by the turbidimetric test, were subjected to 
this chemical analysis. Increments in the acid 
phosphorus compartment were demonstrable 
in amounts ranging from 23 to 156 per cent. 
This evidence is confirmatory for the presence 
of lecithinase whether specific antibodies are 
present or not (16) since the combination of 
antibodies with the enzyme takes place slow- 
ly in the presence of lecithin. We conceive 
that up until the time of hydrolysis the leci- 
thin is bound to the lecithinase. At that mo- 
ment its active group is free to combine with 
antilecithinase or another lecithin molecule. 
It is known from the work of Tytell that 17 
per cent of normal dogs have appreciable 
Clostridium welchii antitoxin titers ranging 
from 0.05 to 0.20 unit per milliliter. The 
relative concentration of lecithin molecules 
to antibody is proportionally so great, how- 
ever, that considerable lecithin will be hydro- 
lyzed before neutralization will be effected by 
the antibody. Variations in the acid phos- 
phorus increment can be accounted for on this 
basis. 

The question as to whether the lecitho- 
vitellin turbidity reaction is specific in a com- 
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plex fluid such as lymph can be elucidated by 
considering the details of the egg-saline test 
(15). One cubic centimeter of lymph is placed 
in each of 2 tubes. One-half cubic centimeter 
of calcium borate buffer solution is added to 
each tube, followed by 3.5 cubic centimeters 
of saline. One cubic centimeter of commer- 
cially prepared antitoxin is added to the con- 
trol tube and 1 cubic centimeter of lecitho- 
vitellin solution added to each tube. Both 
tubes are then incubated for 30 minutes. 
Then 1 cubic centimeter of antitoxin is added 
to the second tube. The only difference be- 
tween these 2 tubes is that antitoxin was 
added before incubation to the control tube, 
and after incubation to the second tube. 
Therefore, the difference in turbidity between 
the two tubes apparently would come only 
from the presence of toxin. By this test, each 
specimen of thoracic duct lymph which gives 
a positive turbidimetric test for lecithinase 
indicates a positive antigen-antibody reaction 
specific for lecithinase. 

Although the addition of commercially pre- 
pared antitoxin to the tube containing avail- 
able lecithinase produced a measurable spec- 
trophotometric reduction in turbidity, it did 
not completely eradicate the turbidity. This 
could mean that other turbidity-producing 
substances or toxins as yet unidentified were 
present. 

We found that when we added heparin, even 
in minute amounts, to the thoracic duct lymph 
the turbidity of the lecithovitellin solution in- 
creased remarkably. The addition of anti- 
toxin to the lymph containing heparin eradi- 
cated only a portion of the turbidity. It oc- 
curred to us, therefore, that among other 
things perhaps heparinoid substances were 
released from the strangulated loop in addi- 
tion to lecithinase. It is known that some 
severe tissue injuries result in the local release 
of heparin or heparinoid substances (1). We 
are engaged in experiments to clarify this 
question in strangulation obstruction. 

The remainder of the turbidity-producing 
substances as yet unidentified could well be an 
admixture of those released by the myriads 
of bacteria known to be present in the dog’s 
intestine. Human polyvalent Clostridium 
welchii antitoxin, while containing enough 
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antilecithinase to counteract lecithinase in the 
dog’s lymph, is unable to neutralize the entire 
turbidity. 

DISCUSSION 

The invasion of damaged tissue by bacteria 
results in a toxicity of the host. The nature 
of this toxicity has been the source of a great 
deal of investigation for many years. Bowel 
deprived of its blood supply offers a rich 
source of available bacteria from the lumen. 
It is known that bacteria do invade the bowel 
wall of the strangulated loop quite readily (5), 
yet the result on the host is not a bacteremia. 
Adjustment of chemical imbalance pursuant 
to the obstruction prolongs life in strangula- 
tion obstruction, but does not prevent even- 
tual death. Treatment with massive doses of 
penicillin also prolongs life and allows resec- 
tion to be delayed. But antibiotics combined 
with correction of fluid and chemical imbal- 
ance will not keep such animals alive beyond 
certain periods. Many morbid factors are 
known to play contributory roles, each factor 
assuming a varying degree of importance de- 
pending upon the type of lesion. 

With the advent of antibiotics extensive 
investigations were made possible in recent 
years which indicated that the source for the 
toxemia lay largely in the virulence of invad- 
ing bacteria (5, 6). However, it is also known 
that a substrate of damaged tissue is necessary 
in order for the toxicity to result (&). 

Recent advances in enzyme chemistry have 
offered an impetus to the study of certain 
toxins identified as bactérial enzymes, upon 
which chemical and immunological studies 
can be made. It is from this standpoint that 
the present study was undertaken. 

The attempts to identify lecithinase as a 
toxin have grown largely out of the fact that 
this enzyme is identifiable under certain cir- 
cumstances. The fact that lecithinase is 
demonstrable in thoracic duct fluid following 
strangulation obstruction implies that it is 
absorbed. This enzyme has a profound effect 
on the colloidal system of the blood by virtue 
of its effect on lecithin. Although the degree 
of importance of this finding cannot be ap- 
praised in terms of the total morbid picture, 
the presence of lecithinase cannot be disre- 
garded. The potency of this enzyme is evi- 
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denced by its effect on the blood, although its 
direct detection in the blood is prevented by 
the very nature of its chemical combinations. 


SUMMARY 


In dogs which die of intestinal strangulation 
obstruction, lecithinase, the alpha toxin of 
Clostridium welchii, can usually be demon- 
strated in the thoracic duct lymph, but not 
in the peripheral or portal blood. The amounts 
of the toxin demonstrated in the lymph were 
significant after 5 hours of strangulation. The 
reason for our failure to demonstrate lecithin- 
ase in the blood, we believe, is clarified by our 
infusion experiments, which indicate that 
until the blood cells are almost completely 
hemolyzed, lecithinase will not be free for 
detection. The effect of the toxin on the 
blood is demonstrable long before the toxin 
itself can be identified. It appears that the 
substrate afforded by the blood cells binds 
lecithinase, rendering it unavailable for de- 
tection. 

Recovery of lecithinase from the thoracic 
duct lymph was not quantitatively constant. 
Furthermore, there was no correlation be- 
tween the quantities detected and the clinical 
state of the animal with exception of the fact 
that lecithinase never was found until after 
5 hours of strangulation. We believe the lack 
of correlation can be explained on the basis of 
the complex enzyme combinations which are 
known to occur. These include: (a) specific 
antibodies which will neutralize the enzyme 
by combination with its active group (16); 
(b) adsorption of the enzyme on the lipid in 
the lymph with resultant inactivation (3); (c) 
inactivation of the enzyme by lecithin (16). 
The very nature of lecithinase combinations 
within the body, which are characterized by 
the rapid binding, releasing and rebinding of 
the enzyme, makes quantitative determina- 
tions at any given moment noncontributory. 
Undemonstrated but probable additional fac- 
tors may include variability in the rate of 
the production of toxin from the site of the 
lesion. 
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We believe there are several other as yet 
unidentified substances of bacterial origin 
which are absorbed in intestinal strangulation 
obstruction. The morbid process cannot be 
attributed to any one toxin. Furthermore, the 
presence or absence of toxins does not alter 
our awareness of the profound physiological 
changes in chemical and body fluid economy 
pursuant to this lesion. 
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SURGICAL ASPECTS OF ACUTE HEAD INJURIES 


J. M. MEREDITH, M.D., F.A.C.S., Richmond, Virginia 


T may be said at the outset that from 85 
to go per cent of patients with acute 
head injury require no major neurosurgi- 
cal procedure. In an analysis some years 

ago (8) of 391 consecutive cases of unselected 
head injury seen in our clinic only 10.7 per 
cent required operation. Apart from the 
primary débridement and closure without 
drainage of scalp lacerations at the time of, or 
within a few hours of, admission, no surgical 
procedure is required in the great majority of 
these cases, the burden of the posttraumatic 
treatment being that of good nursing care and 
frequent scrutiny of the patient to be certain 
no urgent surgical emergency is developing, 
particularly in the first few days after trauma. 
Coleman stated in 1939, in discussing a paper 
relating to head injury at the annual meeting 
of the Medical Society of Virginia: ‘Surgery 
for cranial trauma has three main objectives: 
1st, prevention of infection; 2nd, removal of a 
localized intracranial hematoma; and, 3rd, 
elevation of depressed fractures. Probably in 
less than 1 per cent of cases is operation 
needed for edema of the brain per se, unless it 
is accompanied by intracranial hemorrhage.” 
We have emphasized in our clinic for many 
years the low incidence of shock in acute head 
injuries. In a series of 1,078 consecutive cases 
of all types of head injury analyzed at the 
Medical College of Virginia in 1937, shock 
was present in only 6 to 7 per cent of the entire 
series. When it did occur, it was nearly 
always due to (1) severe associated injuries of 
the chest, long bones, spine, or injury to the 
abdominal viscera, (2) severe blood loss from 
scalp or internally, (3) the occasional severe 
basilar type of brain injury with blood pouring 
from the cranial orifices, dilated fixed pupils, 
et cetera. With such a low incidence of shock 
(6 to 7 per cent), it is, therefore, evident that 
the vast majority of these patients can be 
transported considerable distances if need be 
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soon after trauma and, in fact, it is—in recent 
years—much more likely that the patient will 
be quickly and comfortably transported to the 
surgeon, rather than the reverse, which used 
to be practically the rule. 


SCALP LACERATIONS 


As emphasized by Dr. Coleman a number of 
years ago, “inasmuch as surgery of cranial 
trauma is done in the large majority of cases 
for the prevention of infection, it is highly 
important that such procedures be done before 
the contaminated wound becomes actively in- 
fected. Such treatment begins with scalp 
lacerations.” We have seen a fatal septic 
cerebritis in a patient whose illness began with 
a purulent infection of a simple scalp lacera- 
tion, there being no skull fracture present. 
The scalp should be shaved around the lacer- 
ation, the wound thoroughly irrigated with 
warm saline solution, the contaminated wound 
edges excised completely, and the underlying 
skull carefully palpated with the gloved finger 
to be certain there is no depressed fracture 
present. Closure is then made with inter- 
rupted catgut sutures in the galea and inter- 
rupted silk or cotton sutures in the skin. There 
is no drainage. Scalp wounds so treated should 
heal promptly without infection. 


INTRACRANIAL HEMORRHAGE OF 
SURGICAL SIGNIFICANCE 


The syndrome of an extradural (middle 
meningeal) clot! is known to all surgeons who 
see and treat head injury cases. Since the 
time of Jean Louis Petit, in 1790, the lucid 
interval has been emphasized as typical of this 
lesion, although it may not be present at all. 
The mortality from this type of hemorrhage is 
still approximately 50 per cent or more in 
most hospitals throughout the country; this 
high percentage is due (1) to delay in operat- 

1Middle meningeal hemorrhage of surgical significance can 
occur also in young children as shown quite recently by Campbell 
and Cohen, who reported 20 cases in children younger than 12 


years surgically treated with an operative mortality of only 
ro per cent. (Surg. Gyn. Obst., 1951, 92: 275.) 
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ing, or (2) to atypical cases from the sympto- 
matic standpoint. In our clinic, we emphasize 
the state of consciousness as the most inipor- 
tant single clinical sign in evaluating the indi- 
vidual case of head injury at any particular 
time. The cardinal signs of a developing clot 
(whether extradural or subdural) of surgical 
significance are: dilatation of a pupil, together 
with increasing and progressive stupor and 
bradycardia, and either a Jacksonian motor 
attack or hemiparesis developing on the side 
opposite the dilated pupil, as stressed by Loyal 
Davis. In the extradural clot case, there is 
almost always a definite palpable edema or 
contusion of the overlying temporoparietal 
scalp, tell-tale evidence of the underlying clot. 
Skull x-ray films may or may not show a fine 
linear fracture on the side of the lesion. This 
type of hemorrhage, and the subdural clot also, 
is usually best removed through a subtemporal 
decompression after the clot has been identi- 
fied by means of a diagnostic burr opening in 
the superior temporal region. Novocain anes- 
thesia is usually best in these acute cases. 
Chronic subdural hematoma is an entity sui 
generis and, not being germane to the title of 
this paper, will not be considered at this time. 
Intracerebral clots occasionally develop post- 
traumatically. Naffziger and Jones reported 
in 1928 two cases of posttraumatic cerebral 
hemorrhage treated surgically. Botterell, of 
Toronto, has more recently emphasized that 
this lesion,must be thought of if bilateral diag- 
nostic burr holes reveal no clot extradurally or 
subdurally and the underlying brain is “tight” 
in a comatose patient. A ventriculogram 
might be of real help in such cases in revealing 
an otherwise clinically unlocalizable but surgi- 
cally significant clot in the frontal, temporal, 
or occipital lobes. The objective neurological 
signs vary with the site of the lesion. The signs 
of a hemorrhage in a cerebral hemisphere are 
similar to those after a stroke of apoplexy, i.e. 
contralateral hemiparesis, hyperreflexia (after 
the first few days), loss of abdominal reflexes, 
and a positive Babinski sign all on the paretic 
side. Homonymous defects in the visual fields 
may be demonstrated in a co-operative pa- 
tient with lesions in the temporal or occipital 
lobes. Bollinger’s late type of posttraumatic 
apoplexy (3), in which the cerebral hemorrhage 


—authentically due to trauma—occurs as late 
as 1 month after head injury, is due, pre- 
sumably, to damage to the walls of cerebral 
blood vessels at the time of trauma and fi- 
nally rupture, weeks or months later. This ac- 
cepted fact today has necessitated our modi- 
fying, somewhat, our concepts of the etiology 
of late major cerebral symptoms after head 
injury, previously ascribed to cerebral vascu- 
lar disease probably antedating the trauma 
and therefore not related in any way to injury; 
its acceptance is also important in industrial 
compensation cases. Ventricular hemorrhage, 
whether spontaneously or posttraumatically, 
is usually fatal if it diffuses rapidly through- 
out the ventricular system, but we have 
treated surgically with recovery 1 patient 
with unilateral massive ventricular hemor- 
rhage in a g year old girl following a mild 
head blow in whom the hemorrhage apparent- 
ly had coagulated at the foramen of Monro on 
the right side (9). Subarachnoid hemorrhage 
is demonstrated by lumbar puncture but we 
do not believe this procedure to be particular- 
ly helpful for the therapeutic removal of blood 
from the subarachnoid space, it being used in 
but 15 per cent of our cases of acute head 
injury (Table II, Meredith, 8). It is, however, 
undoubtedly of value, as emphasized by Spur- 
ling, in relief of symptoms following head in- 
jury, such relief being due presumably to re- 
duction of cerebrospinal fluid pressure. In 2 
series of animal experiments reported in 1941, 
it was found (10, 13) that (1) the amount of 
blood in the cerebrospinal fluid by lumbar 
puncture was often no criterion as to prognosis 
or location of the hemorrhage intracranially in 
the individual case and, (2) after the first 48 
hours, never more than 4.5 per cent of the 
entire amount of blood (usually much less) in 
the cerebrospinal fluid could be removed even 
if the dog’s spinal canal was drained complete- 
ly, most of the erythrocytes undoubtedly be- 
ing spontaneously hemolyzed, enmeshed in 
the arachnoid, or actually phagocytized by 
arachnoidal cells, as shown by Bagley. 


SURGICAL PROCEDURES UTILIZED 


These are chiefly diagnostic burr openings 
usually in the superior temporal region, sub- 
temporal decompression for the removal of 
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large extradural or subdural hematomas, and 
the elevation of depressed skull fractures— 
simple or compound. We rarely today per- 
form subtemporal decompression for cerebral 
edema alone except in the unusual case with 
persistently high cerebrospinal fluid pressure 
not relieved by intravenous 50 per cent 
sucrose or 25 per cent magnesium sulfate rect- 
ally. As previously mentioned, a ventriculo- 
gram is occasionally helpful in the patient who 
continues to deteriorate after diagnostic burr 
openings have revealed no meningeal clot and 
whose brain is “tight”: such a patient may 
have a large intracerebral clot demonstrable 
only by ventriculography. ‘The diagnostic 
burr openings with nicking of the dura are 
resorted to frequently in our clinic to be cer- 
tain in the critical case as to the presence or 
absence of a large extradural or subdural clot. 
Occasionally four or more of these openings 
are made before the surgeon is satisfied about 
the individual patient. Under novocain anes- 
thesia, they can be made rapidly with little or 
no harm to the patient. We used to use novo- 
cain anesthesia only for practically all our 
adult acute head injury cases requiring major 
surgery, but with endotracheal anesthesia now 
at such a high degree of perfection, we feel 
that in the occasional patient it is less ‘“‘trau- 
matic” to use it, especially if there is danger 
of aspiration of blood or cerebrospinal fluid 
into the tracheobronchial tree during the oper- 
ation, as in patients who have bursting basilar 
skull fractures and a depressed fracture of the 
vault or a surgical intracranial hemorrhage. 


SKULL FRACTURE: TYPES, OPERATIVE AND 
NONOPERATIVE 


In our clinic, we prefer to wait before re- 
pairing simple depressed skull fractures, usu- 
ally for 2 or 3 days, provided no signs of local- 
ized cerebral compression, such as aphasia or 
hemiparesis, develop in the first few hours or 


days after trauma. In the compound de- 
pressed skull fracture, however, immediate 
operation is usually done if the patient’s gen- 
eral condition permits, and he is not in shock.! 

‘By shock, we, in our clinic, mean the persistent presence of a 
systolic blood pressure below 100 mm. of mercury, usually with 
a pulse rate in excess of 120 per minute. In most of the cases its 


initial presence may be relieved by intravenous glucose solution 
or by an occasional blood transfusion. 
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This decision is made primarily to prevent in- 
fection in the latter type of case, for one never 
knows in which patient the dura (the great 
protective barrier against infection) has been 
lacerated. Of course, in all compound skull 
fractures, or in cerebrospinal fluid leaks 
through the cranial orifices and in any case 
where there is danger of infection from the 
scalp inward, large daily doses of penicillin, 
often combined with sulfadiazine, are given 
for at least the first few days after admission 
to the hospital. Compound linear fractures of 
the skull require no surgical treatment except 
suture of the overlying scalp laceration, unless 
infected material such as hair, pieces of cloth- 
ing and the like have been caught in the bony 
fracture line: the immediate line of the frac- 
ture in such cases should be excised with 
appropriate rongeurs. Fractures of the skull 
base are never of surgical importance per se, 
as bony depression is not a factor in such types 
of injuries. A basilar fracture is not demon- 
strable as a rule on the ordinary skull x-ray 
films but is diagnosed, rather, by cranial nerve 
palsies, cerebrospinal fluid leaks through the 
nose or ears, and the development of late dis- 
coloration about the eyes or mastoid (Battle’s 
sign). In the simple depressed fractures of the 
vault, it is usually best to replace the bone in 
the form of a mosaic over the intact or sutured 
dura before scalp closure and thereby elimi- 
nate the necessity for tantalum plate insertion 
at a later date, but in the compound depressed 
skull fractures we usually discard the already 
contaminated depressed bone fragments be- 
cause of the danger of infection, and insert a 
tantalum plate to cover the cranial defect a 
few weeks later. One of the prime reasons for 
operating in depressed skull fracture is to ac- 
complish a watertight closure of the dura if it 
has been lacerated at the time of trauma. We 
practically never drain this type of wound 
subdurally, as any advantages ascribable to a 
drain are outweighed by the disadvantages, 
particularly the possibility of a postoperative 
cerebral fungus or herniation. 


CEREBROSPINAL FLUID LEAKS FROM THE 
ANTERIOR AND MIDDLE FOSSAE 


Posttraumatic cerebrospinal fluid otorrhea 
practically never requires operative interven- 
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tion as it usually closes spontaneously, but 
rhinorrhea occasionally must be operated 
upon and the fistula obliterated. If an active 
leak of fluid through the nose continues even 
with the head of the bed elevated and fluids 
restricted, for 10 days or more after trauma, 
operation should probably be carried out with- 
out delay through a frontal craniotomy. The 
fistula connecting the subarachnoid space with 
the sinuses is usually in the region of the crib- 
riform plate of the ethmoids or through the 
posterior wall of the frontal sinus. The stoma 
is preferably closed with muscle rather than 
with fibrin foam and is best accomplished 
usually by the intradural route. These cases 
are quite individual in character and the oper- 
ative attack must be planned carefully for 
each case. 


BULLET, KNIFE, AND OTHER HEAD WOUNDS 
DUE TO MISSILES 


As emphasized by Matson in his recent 
(1948) monograph on The Treatment of 
Acute Craniocerebral Injuries Due to Mis- 
siles, the mortality from these wounds has 
been greatly reduced during and after World 
War II compared to what it was during World 
War I (7). In Cushing’s last series of 45 cases 


in World War I, the operative mortality in 
acute penetrating missile wounds of the brain 
was 28.8 per cent; in World War II, the opera- 
tive mortality for this type of injury averaged 
approximately 14 per cent in the different 
military theaters of the various allied armies. 
Undoubtedly, the use of antibiotics, large sup- 
plies of blood and blood substitutes, together 
with improved technique, with particular em- 
phasis on adequate powerful suction and 
electrosurgical apparatus for coagulation of 
deep cerebral vessels in the forward hospitals, 
were the chief factors in the reduced mortality 
in World War II. The most important single 
technical point about wounds due to small 
metallic missiles is that débridement and 
thorough irrigation with large quantities of 
warm saline solution of the wound of entrance 
(and also the wound of,exit, if present) is, in 
many cases, more important than removal of 
the actual missile itself, particularly if removal 
of the missile would require a fresh cerebral 
incision through important functional areas of 


the brain. The bullet or other missile can 
often be removed without difficulty in the 
course of débriding the tract through the 
brain, but if, by contrecoup force, the bullet is 
lodged in an inaccessible portion of the oppo- 
site cerebral hemisphere, it may be wise to 
leave it there. Retained bone fragments 
should always be removed and accounted for, 
comparing the removed fragments with the 
skull x-ray films. A posttraumatic cerebral 
abscess is much more likely to result from re- 
tained bone fragments in the brain than from 
a metallic missile left in situ. Needless to add, 
large doses of antibiotics are given in these 
cases particularly, and closure of the wound 
of entrance (and exit, if present) is invariably 
made without drainage, particular attention 
being given to a watertight approximation of 
the dura, galea, and scalp by interrupted silk 
sutures. 


CEREBRAL EDEMA: ITS SURGICAL TREATMENT, 
CEREBRAL CONTUSION, BRAIN STEM INJURY 


Occasionally an individual will react to a 
blow on the head by developing an inordinate 
degree of cerebral edema without significant or 
gross intracranial hemorrhage. These patients 
develop a high spinal fluid and therefore high 
intracranial pressure. If the spinal fluid pres- 
sure remains high (in excess of 200 mm. 
water) in spite of intravenous 50 per cent 
sucrose in doses of 100 cubic centimeters once 
a day for 2 or 3 days, and particularly if the 
patient remains drowsy or has severe head- 
aches with or without vomiting and brady- 
cardia, a subtemporal decompression may be 
indicated (diagnostic burr openings having 
eliminated a clot) although this operation, for 
such a purpose, is rarely required today. It is 
occasionally impossible to determine preopera- 
tively whether the patient has, principally, a 
cerebral contusion of one hemisphere or a sub- 
dural or extradural hematoma, both types of 
lesions being accompanied typically by greater 
or lesser degrees of hemiplegia or aphasia and 
varying degrees of stupor. It is in this type of 
case, seen almost daily in clinics dealing with 
large numbers of head injuries, that diagnostic 
burr openings are so valuable. In the cerebral 
contusion case particularly, as in those pa- 
tients who have had depressed skull fractures, 
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with laceration of the underlying cortex, it is 
important for the patient to take adequate 
doses of phenobarbital for several weeks or 
even months postoperatively to reduce the 
likelihood of posttraumatic convulsions to a 
minimum. The brain stem injury case with 
the alternating powerful flexion and extension 
of the extremities and immediate and pro- 
Jonged profound unconsciousness is readily 
recognized by the trained observer and is im- 
proved by no surgical procedure. It is usually 
due to gross hemorrhage and (or) contusion in 
the pons or medulla. 


ADDITIONAL COMPLICATIONS OF ACUTE HEAD 
INJURIES, MISCELLANEOUS CONSIDERATIONS 


Among the important complications of 
acute head injury are osteomyelitis of the 
skull, extradural and subdural abscess, men- 
ingitis, brain abscess, cerebral fungus, and 
septic thrombophlebitis of the dural veins and 
sinuses. The incidence of these infectious 
lesions today is far lower than it was before the 
days of penicillin and sulfadiazine but their 
posttraumatic and postoperative develop- 
ment must always be thought of in the indi- 
vidual case that is not making expected 
improvement. 

We insist on admitting all patients with 
cerebral concussion at least for an overnight 
stay in the hospital and the patient or his rela- 
tives must sign a release if he insists on 
going home from the emergency room without 
being admitted to the hospital. The question 
of alcoholic intoxication in patients with acute 
head injury should be given little considera- 
tion and usually it is best to ignore it entirely 
or a surgical emergency may easily be over- 
looked. We also insist on skull x-ray films in 
every case of concussion, not necessarily at the 
time of admission to the hospital, but at least 
before the patient is discharged. Excessive 
mucus is combatted in our clinic by placing the 
patient in the posttonsillectomy (prone) posi- 
tion with the foot of the bed elevated several 
inches for approximately an hour, and the 
head turned to either side, atropine is given 
hypodermically, and the mucus is aspirated 
frequently with a suction apparatus attached 
to a metal tip. We have occasionally resorted 
to tracheotomy in the intractable case of 
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excessive mucus, although this has not been 
used in the last few years in our clinic. The 
best position generally for a patient with head 
injury, provided he is not in shock and does 
not have excessive mucus in his tracheo- 
bronchial tree, is in the head elevated posi- 
tion, as this position reduces the cerebral 
edema and the patients seem to have less dis- 
abling symptoms, such as headache. It is 
important to remember that in the uncon- 
scious patient, particularly, following a head 
injury, who also has a shoulder girdle injury 
(clavicle, upper humerus, or scapula), there 
may also very possibly be a bony injury to the 
cervical spine between these two regions; sev- 
eral cases of this combination were reported 
from our clinic, as Coleman’s syndrome, with 
Dr. Grantham in 1940 (11). The surgeon 
should not be misled into attributing a rigid 
spastic neck in such a case to subarachnoid 
bleeding from the head injury; it may also 
very possibly be due to a cervical spine dislo- 
cation. This is so likely a possibility that we 
routinely have cervical spine films made, in- 
cluding oblique views of the laminae, in all 
cases of this combined type of head and 
shoulder girdle injury. With regard to extreme 
restlessness in head injury patients, we avoid 
morphine, codeine, and other opiates, except 
postoperatively, at which time small doses 
may be given judiciously and often prove to be 
the best means of sedation available. Chloral 
hydrate and bromide in moderate doses given 
together by rectal tube seem to be particularly 
helpful in these cases. In the extremely rest- 
less patient, paraldehyde by rectum, intra- 
muscularly or intravenously, is occasionally of 
distinct value in inducing sleep. Sodium 
phenobarbital is helpful only in the mildly 
restless patient. Acetosalicylic acid, phenace- 
tin, and other mild nonnarcotic sedatives are 
utilized for the relief of headache. Hyper- 
thermia (temperature in excess of 103 degrees) 
is combatted by alcohol sponges every hour, 
all clothing being removed but one thin sheet 
over the patient, an ice bag being placed on 
the head and neck, and acetosalicylic acid 
being administered rectally. If these meas- 
ures do not significantly reduce the tempera- 
ture in 2 or 3 hours, a very cold water enema 
is given every 6 to 8 hours, as necessary. Con 
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cerning the advisability of dehydration in 
acute head injury—a controversial problem 
for many years—we resort to a middle-of-the- 
road policy of giving these patients, on the 
average, approximately 2,000 cubic centi- 
meters of fluids every 24 hours by mouth, 
intravenously, or by hypodermoclysis. We 
have found by past experience that dehydrat- 
ing patients with acute head injury seems to 
be deleterious rather than beneficial. This 
concept is in accord also with the statements 
of Lehman and Parker in their critical review 
of the literature and comments on the un- 
solved problems of brain injury (1935) in 
which they quoted Dandy as stating that no 
head injury patient, in his opinion, was ever 
benefited by dehydration. There are many 
gaps in our knowledge regarding the rationale 
—if any—of dehydration in acute head injury. 

We resort to high caloric nasal tube feedings 
rather frequently in semiconscious or uncon- 
scious patients, as we have real apprehension 
about the likelihood of such individuals de- 
veloping “aspiration pneumonia” very readily 
if an overambitious nurse gives the patient 
fluids by mouth when he is unable to swallow 
properly. 

Early ambulation is encouraged in patients 
following acute head injury just as it is today 
in those who have undergone abdominal or 
other major surgery. There is really no logical 
reason why a man with a long linear skull 
fracture cannot be ambulatory 2 or 3 days 
after trauma if he has little or no disabling 
symptoms; as a matter of fact, such manage- 
ment (early ambulation) may avoid the all too 
frequent headache or vertigo seen in many 
simple postconcussion cases and, strangely 
enough, often conspicuous by its absence in 
the patient who was unconscious for days or 
weeks following a severe brain injury, but who 
eventually recovered. 

It may be seen from this discussion that in 
the vast majority of cases of acute head in- 
jury, intelligent and expert nursing care, com- 
bined with the watchful eye of the surgeon, is 


the real key to the successful management and 
ultimate outcome of these intriguing, albeit, 
occasionally, disquieting cases of acute head 
injury. 


SUMMARY 


The statements herein represent a summary 
of the methods of diagnosis and treatment 
utilized in the management of acute head in- 
juries at the Medical College of Virginia Hos- 
pital, Richmond, and also at the University of 
Virginia Hospital, Charlottesville, during the 
last 1614 years. 
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EVERAL reports on the powers of re- 
generation of thyroid tissue have ap- 
peared in the literature over the past 
six decades. Early reports by Wagner 

(1884), Horsley (1886), and Halsted (1896), 
regarding the hypertrophy of residual thyroid 
tissue following partial thyroidectomy, and 
other studies on thyroid regeneration (12), 
were not concerned with the actual weight in- 
crease in the residual gland. Since Halsted’s 
extensive review of the problem, numerous ad- 
vances in the knowledge of the physiology of 
the thyroid gland have been brought about by 
different methods of study, e.g. the use of 
radioactive iodine as an indicator of thyroid 
physiology (1, 3-6, 9, 10). 

In a study of patients with Graves’ disease 
who were treated with radioactive iodine, 
Soley, Miller, and Foreman reported a high 
concentration of test doses of radioiodine in 
the thyroid region in several patients after 
treatment. This concentration of radioiodine 
was believed to be due to overfunctioning 
remnants of thyroid tissue in an attempt to 
maintain the patient in normal thyroid bal- 
ance, as it is known that the rate of uptake 
and the maximum uptake of radioiodine by 
the thyroid are proportional to the functional 
activity of the gland. 

In order to study the behavior of residual 
thyroid tissue following subtotal thyroidecto- 
my, the following group of experiments was 
done. Correlated changes in the weight and 
histology of regenerating thyroid and in the 
protein bound iodine levels of the blood were 
demonstrated, and an attempt was made to 
use the uptake of radioiodine as an indicator 
of thyroid activity. 


From The Divisions of Radiology, Surgery, Medicine, and Ex- 
perimental Surgery Laboratories of the University of California 
School of Medicine, San Francisco. 


METHOD 

Albino rabbits approximately 2 kilograms in 
weight and about 3 months old were used. A 
subtotal thyroidectomy was done through a 
vertical midline incision under ether anesthesia 
and with aseptic technique (Fig. 1a). All of 
the right lobe and the isthmus of the thyroid 
were removed. On the left side the thyroid 
was transected with a scalpel and 15 per cent 
of the gland was left at the upper pole with 
its blood supply intact (Fig. 1b). The amount 
of thyroid tissue remaining was calculated by 
weighing a portion of the right upper pole of a 
similar size and shape (Fig. 1c). Repeated 
determinations done by this method revealed 
that the error was small, rarely exceeding 5 
milligrams. This estimated weight of the left 
upper pole remaining after subtotal thyroidec- 
tomy was compared with the weight of the re- 
generating left upper pole at necropsy. Histo- 
logical sections were made of each gland re- 
moved at operation and the residual thyroid 
tissue removed at necropsy. Protein bound 
iodine levels of the blood were determined 
preoperatively and 3, 6, and 12 weeks after 
subtotal thyroidectomy. 

In vivo evidence of the changes in the resid- 
ual thyroid following subtotal removal of the 
gland was obtained by uptake studies of test 
doses of radioactive iodine. To have con- 
sistent uptakes of radioactive iodine in the 
thyroids of rabbits, the animals were fed an 
iodine free diet for 6 weeks before uptake stud- 
ies were done and the diet was continued 
throughout the course of the experiment. De- 
terminations of the uptake of radioiodine by 
the thyroid were made before and after sub- 
total thyroidectomy at designated intervals. 
Each study was carried out on consecutive 
days, following the intramuscular injection of 
the isotope. The test dose was assayed prior 
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TABLE I 





Average figures 


TABLE II 





Average figures 





Total Blood iodine levels (micrograms) 


weight 
of gland 





Initial 3 weeks 6 weeks 12 weeks 











183 mgm. 3-7 3.9 3.8 3-9 





Blood iodine levels 
(micrograms) 


3 weeks 


Estimated 
weight 
remaining 


Total 
weight 
of gland 


Weight 
at 





necropsy Initial 








170 mgm. 27 mgm. 3.6 3.0 


(16%) 











45 mgm. 
(66% increase) 





Table I. Average weight of the normal rabbit thyroid 
gland in 6 rabbits in control group. Average normal protein 
bound iodine level of the blood in same group. 


to injection and consisted of 36 to 60 micro- 
curies of radioactive iodine (I'*!, 8 day half- 
life). For each determination, the rabbit was 
held in the vertical position by the ears and 
hind legs, with the upper thorax firmly against 
the edge of a table. A Geiger-Mueller count- 
ing tube was placed on the table 114 inches 
from the thyroid area. The percentage uptake 
of radioiodine by the thyroid tissue was de- 
termined by comparing the Y ray output from 
the thyroid area with the y ray output of a 
known sample of radioiodine counted at the 
same distance. The sample and the dose ad- 
ministered contained the same number of 
microcuries of radioiodine. 


RESULTS 


Changes in weight and histology of residual 
thyroid tissue, and protein bound iodine level of 
the blood. A control group of 6 normal rabbits 
was used to determine the normal variation of 
the blood iodine levels and the normal micro- 
scopic appearance of the thyroid gland. The 
protein bound iodine levels varied between 3.7 
and 3.9 micrograms per cent over a period of 
12 weeks. The average weight of the thyroid 
gland in this group was 183 milligrams (Table 
I). Histological examination of the thyroid 
gland of a normal rabbit revealed large acini 


TABLE III 





Table II. Average weight of the residual thyroid tissue, 
and the average protein bound iodine level of the blood 3 
weeks after subtotal thyroidectomy, in 7 rabbits. 


containing deeply staining colloid and lined 
with flat cells (Fig. 2). 

Three weeks after subtotal thyroidectomy 
the weight of the residual thyroid tissue in- 
creased 66 per cent over the weight of the thy- 
roid tissue left in situ at the time of operation 
(Table IT). 

The histological appearance of the gland re- 
moved at the time of subtotal thyroidectomy 
was similar to that of the control group (Fig. 
3). At necropsy, 3 weeks after operation, his- 
tological examination of the gland revealed 
evidence of hyperplasia (Fig. 4). There were 
small acini lined with cuboidal to columnar 
cells and there was some papillary infolding. 
The colloid was scarce and did not stain as 
deeply as before. 

In another group of rabbits (Table III) 6 
weeks after subtotal thyroidectomy, the weight 
of the residual thyroid tissue increased 81 per 
cent and there was still a considerable degree 
of hyperplasia to be found in the microscopic 
sections (Fig. 5). 

Twelve weeks after subtotal thyroidectomy 
the weight of the residual thyroid tissue in- 
creased go per cent (Table IV). The protein 
bound iodine level of the blood, which had in- 
creased to 5 micrograms 6 weeks after opera- 
tion, returned to normal. Microscopically 


TABLE IV 








Average figures 





Average figures 





Blood iodine levels 
Total (micrograms) 
weight 


of gland 


Estimated 
weight 
remaining 


Weight 
at 





necropsy sini 
nitia 


3.6 4.0 


6 weeks 





omg 


175 mgm. 22 mgm. 40 mgm. 
(14%) (81% increase) 





Total |Estimated Blood iodine levels (micrograms) 


weight weight 
of gland |remaining| necropsy 





Weight 
at 


Initial | 3 weeks | 6 weeks |12 weeks 





180 mgm.| 30 mgm. | 53 mgm. 4-4 4.1 5.0 4-4 
(17%) . 

















, 9% 
increase) 





Table III. Average weight of the residual thyroid tis- 
sue, and the average protein bound iodine level of the blood 
6 weeks after subtotal thyroidectomy, in 8 rabbits. 


TableIV. Average weight of the residual thyroid tissue, 
and the average protein bound iodine level of the blood 12 
weeks after subtotal thyroidectomy, in 8 rabbits. 





JOHANSEN Et at.: EXPERIMENTAL STUDY OF THYROID REGENERATION 


395 


Superior thyroid artery 


mm 
Cevcce 


t 
AP 


; 




















i 
~ 


r = 








Common carotid A. 


a 


b c 


Fig. 1. Drawing showing extent of subtotal thyroidectomy in the rabbit: a, Dia- 
grammatic anatomy of the rabbit thyroid, its blood supply, and surrounding structures. 
b, All of the right lobe, the isthmus and part of the left lobe of the thyroid have been 
removed. Fifteen per cent of the gland remains at the left upper pole with its blood 
supply intact. .c, The amount of thyroid tissue remaining was calculated by weighing 
a portion of the removed right upper pole of a similar size and shape. 


there was a slight decrease in the degree of hy- 
perplasia in the gland (Fig. 6) as compared to 
that observed 3 and 6 weeks postoperatively. 
The acinar cells were cuboidal, and the acini 
contained more colloid. Papillary infolding re- 
mained in some acini. 

Radioactive iodine uptake studies. The ac- 
curacy of the radioiodine uptake studies was 
confirmed by a daily comparison of the Y-ray 
output of a uranium standard to the y-ray 
output of the test dose of radioiodine ad- 


Fig. 2. Photomicrograph showing histology in a normal 
rabbit thyroid gland. 


ministered to the rabbits (Fig. 7). The y-ray 
output of the uranium standard remained 
constant while the Y ray output of the test 
dose of radioiodine diminished each day, 
paralleling the decay curve for I'*'. 
Radioactive iodine uptake studies in a con- 
trol group of 5 rabbits demonstrated the aver- 
age uptake of radioiodine in the normal thy- 
roid gland (Fig. 7). Forty-eight hours after a 
test dose of radioiodine was administered, a 
maximum uptake of 70 per cent of the radio- 


Fig. 3. Photomicrograph showing histology in normal 
thyroid gland removed at time of subtotal thyroidectomy. 
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Fig. 4. Photomicrograph showing histology in a regener- 
ating residual thyroid 3 weeks after subtotal thyroidectomy. 


iodine was concentrated in the thyroid gland. 
Determinations on the same rabbits 12 weeks 
later showed a similar rate of uptake and maxi- 
mum uptake (7oper cent) of radioiodine, in the 
thyroid gland 48 hours after administration of 
radioiodine. The concentration diminished to 
50 per cent on the third day. Determinations 
done on a different group of 2 rabbits indi- 
cated the uptake of radioiodine in the residual 
thyroid tissue 10 weeks after subtotal thy- 
roidectomy. An average maximum uptake of 
57 per cent occurred 12 hours after radioio- 
dine was administered. This decreased to 30 


Fig. 6. Photomicrograph showing histology in a regener- 
ating residual rabbit thyroid 12 weeks after subtotal thy- 
roidectomy. 


Fig. 5. Showing histology in a regenerating residual rab- 
bit thyroid 6 weeks after subtotal thyroidectomy. 


per cent at 24 hours, and to below ro per cent 
after the third day. 

In another group of 5 rabbits, a control 
study demonstrated the average uptake of 
radioiodine in the normal thyroid glands of 
these animals before subtotal thyroidectomy 
(Fig. 8). Up to 48 hours after the injection of 
radioiodine, the average maximum uptake in 
the thyroid glands of these normal animals 
was 50 per cent, and this decreased to 30 per 
cent on the third day. The same rabbits were 
studied 3 weeks after subtotal thyroidectomy. 
Twenty-four hours after radioiodine was given 
there was an average uptake of 7 per cent in 
the residual thyroid tissue. This diminished 
to 2 per cent by the sixth day. Nine weeks 
after subtotal thyroidectomy, the uptake on 
the first day after radioiodine injection was 24 
per cent, and this decreased to 6 per cent by 
the fifth day. In the uptake study done 13 
weeks after subtotal thyroidectomy, determi- 
nations were made at frequent intervals dur- 
ing the first 24 hours after the administration 
of radioiodine. A maximum uptake of 55 per 
cent was observed at g hours, and this de- 
creased to 40 per cent at 24 hours, then di- 
minished to a level approximating the values 
for these same rabbits before subtotal thy- 
roidectomy. 

In a similar study on another group of 5 
rabbits (Fig. 9) the average maximum uptake 
in the thyroids of these animals before subtotal 
thyroidectomy was 50 per cent during the 
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Fig. 7. Upper graph on semilogarithmic scale demonstrates standards for radio- 
active determinations. Abscissa, days; ordinate, counts per minute. Lower graph 
demonstrates radioiodine uptake studies done on a group of 5 normal rabbits (no 
operation) and on another group of rabbits 10 weeks after subtotal thyroidectomy. 
Abscissa, days following the administration of radioiodine; ordinate, percentage up- 
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take of radioiodine in the thyroid gland. 


first 48 hours after administration of radioio- 
dine. Four weeks after subtotal thyroidecto- 
my, the uptake of radioiodine in the residual 
thyroid was 20 per cent at 48 hours after ad- 
ministration of radioiodine, and this decreased 
each day to a level of 5 per cent on the sixth 
day. Eight weeks after operation the average 
uptake at 48 hours was 30 per cent. Eleven 
weeks after subtotal thyroidectomy, a maxi- 
mum uptake of 60 per cent was observed 14 
hours after the administration of radioactive 
iodine. This diminished, remaining below the 
level of the curve determined before subtotal 
thyroidectomy. 

The per cent uptake of radioiodine and the 
actual number of microcuries of radioiodine 
taken up by each milligram of thyroid tissue 
were calculated (Table V). Each milligram of 
normal thyroid tissue was able to concentrate 
0.4 per cent of the test dose of radioiodine ad- 


ministered (0.18 microcuries). Ten weeks aft- 
er subtotal thyroidectomy, each milligram of 
regenerating thyroid tissue concentrated 1.2 
per cent (.56 microcuries) of the test dose of 


TABLE V 





Average Maxi- | Micro- 
weight |Test dose} mum % |curie up- 
(micro- | uptake |take(cor- 
curies) ~ 


of 
thyroid 
(mgm.) 


rected 
for decay) 





Normal 177 50 31.1 
rabbits 


Rabbits 10 
weeks 
postop- 
erative 























Table V. Calculations demonstrating the per cent up- 
take of radioiodine and the actual number of microcuries 
of radioiodine taken up by each milligram of thyroid tissue. 
A. The weight of the residual thyroid tissue was obtained 
by a correlation of the data in Tables I and IV. B. The 

values for the maximum per cent uptakes were obtained 
from Figure 7. 
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Fig. 8. Graph of radioiodine uptake studies in a group of 5 rabbits before and 
after subtotal thyroidectomy. 
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Fig. 9. Graph of radioiodine uptake studies in a group of 5 rabbits before and 
after subtotal thyroidectomy. 


radioiodine. The total weight of the residual were confirmed by similar*calculations for the 
thyroid gland at this time was 49 milligrams other groups of rabbits and demonstrated the 
(28 per cent of the weight of the normal thy- increased ability of the regenerating thyroid 
roid before operation). These observations tissue to concentrate radioiodine. 
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The equivalent roentgen dose delivered to 
he rabbit thyroid glands during various phases 
if the experiment was calculated. The num- 
er of B-reps (roentgen-equivalent-physical) 
yas determined by the method of Mari- 
elli and associates and was found to vary be- 
ween 5,000 and 30,000. This amount of radi- 
tion is large, considering the small size of the 
ibbit thyroid. The factor of radiation dosage 
iust be considered in the final analysis of this 
‘port as well as in any other reports of a 
milar nature. 


SUMMARY AND CONCLUSIONS 


Following subtotal thyroidectomy in rab- 
tts, the residual thyroid tissue undergoes con- 
sderable increase in weight. Histological evi- 
dence of hyperplasia is present 3 weeks after 
sibtotal thyroidectomy and decreases some- 
what by the twelfth postoperative week. Ap- 
parently significant variations in the blood io- 
dine levels occur concurrently. 

Radioactive iodine uptake studies following 
subtotal thyroidectomy indicate that the re- 
sidual thyroid tissue takes up less radioiodine 
than the normal thyroid before operation; 
nowever, the concentration ability of each mil- 
ligram of thyroid tissue is increased. After 
subtotal thyroidectomy the residual thyroid 
tissue takes up the radioiodine to a maximum 
level within the first 24 hours, while the nor- 
mal thyroid before operation has a maximum 
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uptake at 48 hours after the administration of 
the isotope. 


REFERENCES 


. Brookhaven Conference Report on Radioiodine. 
Brookhaven National Lab., 1948. 

. Hatstep, W. S. Experimental study of the thyroid 
gland of dogs, with especial consideration of hyper- 
trophy of this gland. Johns Hopkins Hosp. Rep., 
1896, 1: 373+408. 

. Hamitton, J. G., and Sotey, M. H. Studies in iodine 
metabolism by use of new radioactive isotope of 
iodine. Am. J. Physiol., 1939, 127: 557-572. 

. Hertz, S. Radioactive iodine as indicator in thyroid 
physiology; observations on rabbits and on goiter 
patients. Am. J. Roentg., 1941, 46: 467-468. 

. Hertz, S., Roperts, A., and Evans, R. D. Radio- 
active iodine as indicator in study of thyroid physi- 
ology. Proc. Soc. Exp. Biol., N. Y., 1938, 38: 510- 


513. 

. Hertz, S., Roperts, A., MEANS, J. H., and Evans, 
R. D. Radioactive iodine as indicator in thyroid 
physiology; iodine collection by normal and hyper- 
plastic thyroids in rabbits. Tr. Am. Ass. Goiter, 
1939, pp. 260-276; Am. J. Physiol., 1940, 128: 565- 

6 


570. 

. Hors ey, V. Pathology of the thyroid gland. Lancet, 
Lond., 1886, 2: 1163-1164. 

. MariIneELtt, L. D., Quimpy, E. H., and Hing, G. J. 
Dosage determination with radioactive isotopes. 
Nucleonics, 1948, 2: 44-49; 56-66. 

. Rawson, R. W.,and McArtuur, J. W. Radioiodine; 
its use as a tool in study of thyroid physiology. J. 
Clin. Endocr., 1947, 7: 235-263. 

. Rawson, R. W., and SKANSE, B. N. Radioactive 
iodine; its use as a tool in studying thyroid physiol- 
ogy. Radiology, 1948, 51: 525-530. 

. Sotey, M. H., MILter, E. R., and Foreman, N. 
Graves’ disease; treatment with radioiodine (I'*'). 
J. Clin. Endocr., 1949, 9: 29-35. 

. TRoett, A. Recurrent goiter from surgical point of 
view. Acta chir. scand., 1944, (Supp. 92) go: 1-62. 

. WaGNER, J. Cited by Halsted (2). 





ANTETHORACIC JEJUNAL TRANSPLANTATION FOR CON- 
GENITAL ESOPHAGEAL ATRESIA WITH HYPOPLASIA 
OF THE LOWER ESOPHAGEAL SEGMENT 


WILLIAM P. LONGMIRE, JR., M.D., F.A.C.S., Los Angeles, California 


PRIMARY end-to-end anastomosis of 
the esophagus with closure of the 
tracheal fistula has been accepted as 
the procedure of choice in all cases of 

congenital esophageal atresia with tracheo- 
esophageal fistula when the anomaly is such 
that the ends of the esophagus may be satis- 
factorily approximated. Haight (3) reported 
in 1947 that the nature of the anomaly in 79 
per cent of 52 patients surgically treated at the 
University of Michigan Hospital permitted 
end-to-end anastomosis. Swenson was able 
to perform a primary esophageal anastomosis 
in 75 per cent of 20 cases which he reported in 
1947. A high mortality rate has been reported 
in all large series of cases following an end-to- 
end anastomosis of the esophagus. This un- 
fortunate result may be associated with at- 
tempts to establish a primary union of the 
esophagus despite undue tension at the site of 
anastomosis. Haight (4) recently suggested 
that it may be necessary to use the multiple 
stage procedures oftener if the operative mor- 
tality rate associated with the treatment of 
this anomaly is to be reduced further. 

Not infrequently hypoplasia of the lower 
segment is so pronounced that primary ap- 
proximation of the ends of the esophagus is 
impossible regardless of the tension employed. 

Absence of air in the stomach or intestine, 
as indicated by x-ray examination, suggests 
hypoplasia of the lower esophageal segment 
either without a tracheal fistula or with a very 
small communication. In 5 of 7 patients with- 
out air in the stomach or intestine who were 
operated upon by Haight, an end-to-end 
anastomosis was impossible. In 2 the anasto- 
mosis was completed but was considered un- 
satisfactory because of the poor development 
of the lower esophagus. 


From the Department of Surgery, University of California at 
Los Angeles School of Medicine. 


Byron suggested that a tracheoscopic exam- 
ination is indicated in the absence of air in the 
alimentary tract below the diaphragm. If this 
procedure fails to demonstrate the presence of 
a fistula, the patient should be considered un- 
suitable for the right-sided extrapleural ap- 
proach. Other surgeons consider the absence 
of air in the stomach or intestine alone a suffi- 
cient indication to abandon the extrapleural 
mediastinal exploration. 

Many different types of multiple stage pro- 
cedures for esophageal reconstruction have 
been described for the treatment of anomalies 
unsuitable for primary anastomosis. In gen- 
eral these reconstructions have been per- 
formed on the anterior chest wall outside the 
thoracic cavity. The defect between the cer- 
vical esophagus and the stomach has been 
bridged with some portion of the alimentary 
tract, such as a segment of jejunum, plus a 
skin tube. This type of procedure has been 
described by Davis and Stafford, Ladd and 
Swenson, and Lam. Complete reconstruction 
by means of a skin lined tube has been report- 
ed. Rienhoff and Potts have placed the entire 
stomach beneath the skin of the anterior chest 
wall, restoring alimentary continuity with a 
cervical esophagogastrostomy. In the case 
reported by Potts the stomach was subse- 
quently transferred into the left side of the 
thorax. 

The long period of hospitalization, the nu- 
merous complications encountered in the mul- 
tiple operations, and the uncertain end results 
have induced some surgeons to feel that a 
primary esophageal anastomosis should be the 
only operative procedure considered and that, 
if such an operation is unfeasible, no further 
attempt should be made to prolong the pa- 
tient’s life. 

In more recent years attempts to perform 
an esophagogastrostomy after advancing the 
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stomach into the left side of the thorax have 
met with some success in cases of congenital 
atresia. This procedure has the advantage of 
offering success or failure in one stage. There 
have been few reports of successful outcomes 
in patients so treated and few detailed follow- 
up studies, particularly in regard to the func- 
tion of a thoracic, vagotomized stomach in the 
newborn. In the case reported by Byron 
death occurred on the sixth day after an intra- 
thoracic esophagogastrostomy. Death was 
caused by complications arising from an asso- 
ciated cardiovascular anomaly. The anasto- 
mosis appeared well healed at autopsy. Sub- 
sequently Swenson performed a left trans- 
thoracic esophagogastrostomy on a 5 day old 
infant who had esophageal atresia without an 
associated tracheal fistula. During the 18 day 
period of hospitalization the child did well 
except for the incidence of diarrhea. At 3 
months of age he weighed 9g pounds. Feed- 
ings, which were small in amount, were given 
every 3 hours. 

Sweet (g) described a delayed one stage 
method of restoring continuity of the alimen- 
tary tract after the performance of a cervical 
esophagostomy and a gastrostomy. In this 
procedure the stomach is advanced through 
the left side of the thorax, and a cervical 
esophagogastrostomy is performed. In the 
case which Sweet reported a tracheo-esopha- 
geal fistula had been closed 3 days after birth. 
Subsequently a cervical esophagostomy and 
gastrostomy were established. The trans- 
thoracic gastric mobilization and cervical 
esophagogastrostomy were performed when the 
child was 21 months old. After the cervical 
esophagogastrostomy, it was reported that the 
amount of food consumed was normal but 
that weight gain was slow. The stools were 
normal, and there was no obvious evidence of 
physiologic disturbances resulting from the 
displacement of the stomach through the chest 
into the neck. There was some ballooning of 
the soft tissues at the base of the left side of 
the neck during inspiration. This patient pre- 
sumably was referred to in a subsequent dis- 
cussion as progressing normally and beginning 
to develop 1 year after operation (10). The 
condition of a second patient 5 or 6 months 
after operation was also mentioned. Each of 


Fig. 1. General view of patient with left cervical 
esophagostomy and right gastrostomy. Abdominal incision 
is extended over sternum. 


the two children reportedly ate normally and 
was not aware that he had a stomach that 
had been drawn up into the neck. Sweet (11) 
and Haight (4) emphasized the hazards of 
placing the stomach inside the thorax in the 
newborn infant. 

Thus the literature to date apparently dis- 
closes one successful case of transthoracic 
esophagogastrostomy in a newborn infant with 
a satisfactory 3 month postoperative follow- 
up. Successful cases in which Storey and Var- 
co performed similar procedures have been 
mentioned in the literature but have not been 
reported in detail. 

The purpose of this report is to present a 
method of esophageal reconstruction that has 
been used successfully in 2 newborn infants 
who had hypoplasia of the lower esophageal 
segment. The youngest child has been ob- 
served for 28 months since operation. Thirty- 
nine months have elapsed since the completion 
of the procedure in the older patient. 
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Fig. 2. Mobilization of jejunal segment and division of primary mesenteric vessels. 
Note undermining of skin flaps over sternum. 


METHOD 

Before this type of esophageal reconstruction 
is considered, the presence of a hypoplastic 
lower esophageal segment must be determined, 
and a cervical esophagostomy and a gastros- 
tomy must be performed. As stated previous- 
ly, a hypoplastic esophageal segment may be 
anticipated in the absence of air in the gastro- 
intestinal tract; however, in both the cases 
under discussion a right extrapleural medias- 
tinal exploration was performed. Air was 
absent from the alimentary tract of the first 
patient, and the lower esophageal segment 
was found to extend about 1 centimeter above 
the diaphragm. The oral esophageal segment 
was mobilized and an esophagostomy was 
established above the medial end of the left 
clavicle. Air was demonstrated in the gastro- 
intestinal tract of the second patient, and a 
very small fistula was found between the 


lower margin of the tracheal bifurcation and a 
markedly underdeveloped lower esophageal 


segment. A primary anastomosis was at- 
tempted in this patient but was unsuccessful. 
The oral esophageal segment was later exte- 
riorized in the left lower cervical region as an 
esophagostomy, and a gastrostomy was made. 

The gastrostomy should be established 
through an incision to the right of the midline 
so that the left anterior abdominal wall may 
be unscarred for the subsequent reconstruc- 
tion (Fig. 1). 

The first step in the esophageal reconstruc- 
tion may be instituted as soon as the infant 
has recovered from the esophagostomy and 
gastrostomy, usually 7 to 10 days. This step 
consists of the antethoracic subcutaneous 
transplantation of a Roux Y limb of jejunum 
and anastomosis of the lower end of the limb 
to the side of the stomach. 
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Fig. 3. Transplantation of jejunal segment subcutaneously over sternum, anasto- 
mosis of aboral end of segment to stomach and end-to-end jejunojejunostomy. 


The details of this procedure are as follows: 
The abdominal incision is extended from the 
xyphoid caudally to the left of the midline and 
down to the level of the umbilicus. The liga- 
ment of Treitz is identified and the vascular 
pattern of the jejunal mesentery inspected. It 
is usually necessary to divide three primary 
mesenteric vessels to free a sufficient length of 
jejunum to extend to the cervical region, al- 
though at times the division of two such sets 
of vessels will suffice (Fig. 2). These vessels 
should be freed of the mesenteric peritoneum 
on both sides and divided as near the arcuate 
vessels of the mesentery as possible without 
encroaching on the lumina of these vessels. 
The Roux limb is isolated by dividing the je- 
junum distal to the ligament of Treitz and at 
the distal end of the mobilized segment. The 
continuity of the jejunum is restored by an 
end-to-end anastomosis of the proximal and 


distal ends. Anastomosis of the distal end of 
the isolated jejunal limb to the side of the 
stomach completes the intraperitoneal portion 
of the operation (Fig. 3). The apex of the in- 
cision is extended over the sternum to the level 
of the first intercostal space and the skin is un- 
dermined laterally. The jejunal limb is care- 
fully placed in this subcutaneous channel; the 
upper end is brought out in the left lower cer- 
vical region adjacent to the esophagostomy; 
and closure of the entire incision is effected 
(Fig. 4). 

Edema of the cervical end of the transplant- 
ed jejunum subsides in about 2 weeks, and the 
second and final stage of the reconstruction, 
an end-to-end esophagojejunostomy, is per- 
formed. Two rows of interrupted catgut su- 
tures are used in this anastomosis, as it has 
been found that silk sutures may prevent the 
spontaneous closure of a small external fistula 
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Fig. 4. Incision closed with upper end of jejunal segment exteriorized. Inset: final 
cervical esophagojejunal anastomosis. 


at this site. The gastrostomy is permitted to 
close when an adequate oral intake is main- 


tained. 
CASE REPORTS 


CasE 1. S. C. A 5 pound, white, premature fe- 
male infant was first seen 36 hours after birth. 
Roentgenograms demonstrated atresia of the esoph- 
agus and absence of air in the stomach and intestines. 
A right extrapleural mediastinal exploration on 
April 4, 1947, revealed hypoplasia of the lower 
esophagus with about 1 centimeter of this segment 
extending above the diaphragm. An esophagostomy 
and a gastrostomy were established. It was subse- 
quently decided that an attempt should be made to 
construct an antethoracic esophagus. 

On June 20, 1947, a jejunal segment was trans- 
planted subcutaneously over the sternum. The dis- 
tal end of the jejunum was not anastomosed to the 
stomach. The jejunal limb was anastomosed to the 
cervical esophagus on July 27, 1947. A salivary fis- 
tula, which developed at the site of this anastomosis, 
closed spontaneously. 


A persistent diarrhea accompanied the advent of 
oral feedings, although the gastrostomy feedings 
were well tolerated. It was evident that the stomach 
could not be “by-passed” in infants as it may be in 
adults. The lower portion of the jejunal limb was 
divided on November 19, 1947, and the oral end 
anastomosed to the side of the stomach. The 
gastrostomy failed to heal spontaneously, so it was 
closed on January 9, 1948. 

CAsE 2. J. L. A 4 day old white male infant was 
admitted to the Johns Hopkins Hospital on Septem- 
ber 6, 1948. Roentgenograms demonstrated esopha- 
geal atresia. There was air in the stomach and in- 
testine. A small hypoplastic lower esophageal seg- 
ment was found during right extrapleural mediastinal 
exploration on the day of admission. Primary anas- 
tomosis was performed, but as it was unsuccessful 
the oral esophageal segment was exteriorized on 
September 21, 1948. A gastrostomy had been per- 
formed previously. + 

On September 27, 1948, the antethoracic recon- 
struction was begun. A subcutaneous jejunal limb 
was advanced to the cervical region and the lower 
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end anastomosed to the side of the stomach. The 
esophagojejunal anastomosis was completed on 
October 13, 1948. The gastrostomy opening healed 
spontaneously. 


FOLLOW-UP NOTES 


During the first 114 years following comple- 
tion of the reconstruction the child in Case 1 was 
seen at irregular intervals. An adequate oral 
diet was maintained. Weight was consistently 
below normal, but a steady increase was re- 
corded. General physical development was 
normal although there was a suggestion of 
mental retardation early in the child’s life, and 
this has become more evident. The child’s 
family was recently contacted by telephone. 
She is now approximately 4 years of age. Her 
diet consists chiefly of soft foods which she 
takes well. She is said to be well nourished 
and has had no difficulty related to the recon- 
structed esophagus. She does not talk and 
walks only with support. The home environ- 
ment is, unfortunately, quite poor. 

The following excerpts from a recent letter 
written by the mother of the second patient 
seem to describe as accurately and as nearly 
completely as possible the course of this 
child’s development since operation: 


“Jay was two years old on the second of September. 
He weighs 35 pounds and is as tall or taller than his 
little friends of comparable age. His general health 
is and has been excellent with only the routine num- 
ber of colds, upset stomachs, and the like. He never 
seems to feel too bad and reacts beautifully to what- 
ever medicine Dr. Aden gives him. He now takes his 
vitamins in capsule form. The only trouble we have 
feeding him, is giving him enough. He likes almost 
everything and usually eats a couple of generous 
servings and a glass or so of milk. I believe he is as 
active as most children of two. During the summer 
he went in swimming every day. After he is in the 
water a while the chest tube swells and acts almost 
as a float. It looks uncomfortable although it is soft. 
People notice it, of course, as he wears only trunks 
and children sometimes come up for a closer view, 
but it has never bothered him. I believe that with 
his own personality and our attitude he will be able 
to laugh his way through. I hope by what I have 
told you that you can see he is a pretty normal fine 
little boy.” 


A recent roentgenogram after a swallow of 
barium solution demonstrated a somewhat 
tortuous but unobstructed passage from the 
cervical esophagus to the stomach. 
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DISCUSSION 


The principal objection to the method of 
reconstruction as presented is the obvious ex- 
ternal deformity of the redundant subcutane- 
ous jejunum. Such a deformity might be par- 
tially eliminated, although the hazards of the 
operation would be increased, if the jejunal 
limb were placed inside the thorax at the time 
of the original operation or during a subse- 
quent operation when the child is older. How 
much such an intrathoracic segment of jeju- 
num and its mesentery would interfere with 
respiratory function in the very young infant 
is unknown. 

Intrathoracic jejunal transplantation and 
cervical esophagojejunostomy might be com- 
pleted in one stage; however, the marked 
edema of the distal end of the mobilized 
jejunal segment observed in the cases reported 
would suggest that the upper end should be 
exteriorized for several days before the final 
anastomosis is completed. 

A jejunal reconstruction allows the stomach 
to remain in its normal position with an intact 
vagus nerve supply. 


SUMMARY 


Antethoracic esophageal reconstruction was 
performed in 2 infants by mobilization and 
transplantation of a segment of jejunum long 
enough to extend from the cervical esophagus 
to the stomach. 

The first operation was performed in three 
stages and the second in two. Sixteen days 
intervened between the two stages of the sec- 
ond reconstruction. 

In both cases function of the reconstructed 
esophagus has been satisfactory and general 
development normal in the 2 year period since 
completion of the procedure. 

Experience gained from these operations 
would suggest that the mesenteric vascular 
supply of the very young infant is sufficiently 
labile to permit performance of this procedure 
regularly for the treatment of hypoplasia of 
the lower esophageal segment. 

Both stages of the antethoracic esophageal 
reconstruction are well tolerated during early 
infancy, and satisfactory continuity of the 
alimentary tract may be established during 
the first few weeks of life. 
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PRECLINICAL PAGET’S DISEASE OF THE NIPPLE 


MALCOLM B. DOCKERTY, M.D., and STUART W. HARRINGTON, M.D., F.A.C.S., 
Rochester, Minnesota 


N spite of a number of carefully con- 
ducted studies on Paget’s disease of the 
nipple (2, 3, 5-7, 10) there still remain 
several unanswered questions regarding 

the pathogenesis of the condition. The fre- 
quent (if not constant) (4, 6) association of an 
underlying mammary carcinoma of glandular 
origin has suggested three possibilities, name- 
ly: (1) that the changes in the skin are due to 
intraepithelial metastasis from the deeper 
lesion; (2) that the combination begins in the 
skin and spreads by continuity through the 
underlying ducts; (3) that the two growths 
are independent and that they develop simul- 
taneously in response to some unknown car- 
‘inogenic stimulus. 

It might be supposed that careful study of 
imilar lesions occurring in extramammary 
ocations would clarify some of these prob- 
ems, but unfortunately this has not been the 
case. As ably pointed out by Weiner, some 
investigators have included, under the term, 
“extramammary Paget’s disease,” examples of 
Bowen’s disease and other atypical epithelio- 
mas in situ, to say nothing of malignant mela- 
nomas and so forth. It is interesting to note 
that Weiner accepted only 8 cases of the extra- 
mammary form of Paget’s disease, and that in 
7 of these there was also present an underly- 
ing adenocarcinoma, presumably arising from 
sweat glands or their ducts. 

One of the chief difficulties obstructing a 
clear view of the “‘Paget’s problem” has been 
the persistent notion, originally fostered by 
Paget himself, that the changes in the skin 
always precede the development of the subja- 
cent malignant process. In the literature we 
were able to find only passing reference (11) 
to occasional cases in which the cutaneous 
changes had been disclosed only after careful 
and deliberate microscopic searching in serial 
sections of grossly normal nipples. In the 
words of Casper, such a finding would consti- 


From the Divisions of Surgical Pathology and of Surgery, 
Mayo Clinic. 


tute a critical observation, for it would indi- 
cate that the epidermoid component in Paget’s 
disease of the nipple could not conceivably 
have produced an obviously infiltrating carci- 
noma within the depths of the breast as out- 
lined under (2) in the opening paragraph of 
the present paper. Such a finding we wish to 
report in a small series of cases. No attempt 
is herein made to re-review the extensive liter- 
ature on Paget’s disease, for the details of 
which the reader is referred to excellent ar- 
ticles on the subject (1, 6, 8, 9). 


REPORT OF CASES 


CasE 1. A 52 year old married white multiparous 
woman presented herself for examination at the 
Mayo Clinic on June 16, 1947, complaining of a 
tumor of the left breast and of an intermittent dis- 
charge from the left nipple. 

Seven months prior to her admission she had 
noticed a slight amount of bloody discharge from the 
left breast, but had done nothing about it. One 
month later some tenderness of the left breast had 
been noted; this she had attributed to a “cold.” One 
month prior to admission she had consulted her fam- 
ily physician because of a lump in the breast. He 
had referred her to the clinic for surgical consultation. 

The entire left breast was thickened and indurated 
by what appeared to be a malignant process. The 
skin had a “‘peau d’orange”’ appearance. The nipple 
was somewhat retracted, but exhibited no gross 
ulcerative or eczematoid change. The left axillary 
nodes were enlarged and firm. 

Left radical mastectomy was carried out. Tissue 
obtained at this operation contained diffuse grade 4 
adenocarcinoma of the breast, with extension into 
the subepithelial lymphatic vessels. There was 
massive involvement of the axillary nodes. Examina- 
tion of the nipple with the aid of a hand lens dis- 
closed no abnormality. 

Sections made routinely through the nipple dis- 
closed clusters of Paget’s cells involving an area 
perhaps 2 millimeters in diameter. No similar 
changes were noted elsewhere in the skin over the 
breast, even though there was extensive malignant 
invasion of the dermal lymphatic vessels. Figure 1a 
and b depicts the changes in the nipple and Figure 2a 
shows the underlying grade 4 adenocarcinoma. 

CasE 2. A multiparous woman 37 years old first 
noticed a lump in her left breast 3 months prior to 
registration at the clinic. Her local physician con- 
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Fig. 1. Case 1. a, left, Section from the nipple, showing 
the entire extent of Paget’s disease in this case: there is no 
ulceration; clusters of Paget’s cells are seen as clear areas in 
the thinned-out stratum malpighii; a subepithelial infiltrate 
of inflammatory cells is noted (hematoxylin and eosin, 


sidered the lump to be a carcinoma and noted that a 
bloody discharge could be expressed from the nipple 
when that structure was compressed. 

The lesion, which was 5 centimeters in diameter, 
was located deep to the nipple. Some dimpling of the 
skin was present, but the nipple was grossly free 
from excoriations or other features which might have 
suggested a diagnosis of Paget’s disease. 

Left radical mastectomy was advised and per- 
formed. The lesion proved to be a multicentric 
comedocarcinoma, grade 3. The carcinoma appeared 
to be entirely confined to the ducts, but it was seen 
to encroach upon the nipple and to involve the large 
ducts located within this structure. Microscopic 
study of sections made through the grossly normal 
skin of the nipple disclosed an area 3 millimeters in 


X45); b, section from the nipple, showing large, pale 
Paget’s cells lying singly, in pairs, and in alveolar clusters: 
they appear to extend outward from the apparently intact 
basal layer of the epidermis (hematoxylin and eosin, 
X 320). 


diameter exhibiting the typical features of Paget’s 
disease (Fig. 2b). A section of the underlying grade 
comedocarcinoma involving the large ducts is seen 
in Figure 3. 

CasE 3. A white multiparous woman 47 years old 
had noticed a lump in her left breast some 6 weeks 
prior to her arrival at the clinic. The lump had not 
been painful or tender, and no abnormality of or 
discharge from the nippie had been observed. 

A cherry-size mass was found to be located in the 
upper and inner quadrant of the left breast at a dis- 
tance of 5 centimeters from a grossly normal nipple. 
The clinical diagnosis by three consultants was 
“benign tumor.” 

At operation the nodule proved to be a semiencap- 
sulated grade 4 scirrhous adenocarcinoma. The pro- 





Fig. 2. Case1. a, left, The underlying grade 4 adenocar- 
cinoma has comedo features in some areas; in others, the 
appearance is that of scirrhous carcinoma permeating all 
available lymphatic spaces (hematoxylin and eosin, X65); 


b, section through the nipple to show the appearance of 
typical clusters of Paget’s cells in a grossly normal nipple: 
there is no break in the surface of the involved epidermis 
(hematoxylin and eosin, X 270). 
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~edure was completed as a radical mastectomy. 
|.ymph nodes proved to be inflammatory. 

Grossly, in the laboratory, the nipple had a nor- 
ial appearance, but microscopically the epidermis 
exhibited irregularity of the rete pegs and typical 
aget’s cells. There was an inflammatory infiltrate 
in the subepithelial tissues. The entire lesion on the 
urface of the nipple could be encompassed by one 

»w-power field covering an area 2 millimeters in 
ijameter. 

CasE 4. A multiparous woman 57 years old had 
omplained for 3 weeks of a somewhat painful nodule 
: her left breast. 

The nodule was found to be 4 centimeters in diam- 
ter and was located in the upper and inner quad- 

nt, several centimeters away from a normal nipple. 
| had the skin fixation and other features of mam- 

ary carcinoma. 

At operation the lesion was seen to be multicentric 
nd of comedo type, with periductal invasion in the 

me of induration which had been noted clinically. 

our axillary nodes were involved by metastasis. 
\licroscopic study of sections made through the 
ipple revealed the typical picture of Paget’s disease. 
(he major underlying ducts were plugged with 
ircinoma cells. 

CAsE 5. A parous woman 58 years old had for 3 
-ears watched the growth of a lump in her left 
ireast. When the skin became fixed over the mass 
he sought medical attention. 

The tumor was found to occupy most of the upper 
ad outer quadrant of the breast. Local physical 
findings were those of carcinoma. The axillary nodes 
were enlarged and firm. Retraction of the nipple and 
excoriation or discharge were not noted. 

At operation an extensive multicentric grade 3 
comedo-adenocarcinoma was found, with involve- 
ment of nearly all axillary nodes. The nipple ex- 
hibited no abnormality on careful gross inspection, 
but microscopically the appearance was typical of 
Paget’s disease, the area of involvement being 1 
millimeter in diameter. 

CasE 6. A multiparous woman 32 years old com- 
plained of a lump in the left breast that had been 
present for 7 months. There was no discharge from 
the nipple and no eczema. 

A large mass was found in the lower and outer 
quadrant of the left breast. The skin over it was 
fixed. A somewhat similar but smaller nodule was 
palpated about an inch above the left nipple. No 
abnormality of the nipple was noted. 

Tissue secured at left radical mastectomy con- 
tained diffuse grade 3 comedocarcinoma (intra- 
ductal). In addition, two nodular areas of infiltra- 
tion each 5 centimeters in diameter were located in 
the areas corresponding to the clinically palpable 
nodules noted previously. Two axillary nodes were 
replaced by metastatic carcinomatous deposits. 
Careful gross examination of the nipple, in addition 
to study of two routine sections, failed to reveal any 
abnormality. Additional sections, however, disclosed 
Paget’s disease involving an area 2 millimeters in 
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Fig. 3. Case 2. 
comedocarcinoma involving the large ducts (hematoxylin 
and eosin, X35). 


Appearance of the underlying grade 3 


diameter. Carcinoma was found in the major ducts 
of the nipple. 

Three years later this patient returned for treat- 
ment of an apparently independent multicentric 
grade 3 comedocarcinoma which diffusely involved 
the right breast. Axillary involvement was not 
found at operation. Sections of the right nipple did 
not contain the changes typical of Paget’s disease. 

The patient was well when last heard from 7 years 
after the first operation. 

CasE 7. A multiparous woman 68 years old had 
noted a small “knot” in the right breast 3 months 
prior to her registration at the clinic. 

A nodular infiltrating mass 4 centimeters in diam- 
eter was found to be located on the inner aspect of 
the right breast near the nipple. A slight ‘“excoria- 
tion” of the latter was noted by one of the examining 
physicians, but this was so insignificant that it was 
not detected by three other consultants who exam- 
ined the breast prior to operation. 

Right radical mastectomy was performed. A 
grade 4 comedo-adenocarcinoma was found to in- 
volve a zone of breast tissue 4 by 3 by 2 centimeters. 
Metatastic deposits were present in each of 17 
axillary nodes examined microscopically. The nipple 
appeared to be normal on gross inspection, but mi- 
croscopically exhibited the changes of Paget’s dis- 
ease, over an area approximately the extent of one 
low-power field of the microscope. 

No follow-up correspondence is available concern- 
ing this patient. 


COMMENT 


The foregoing observations represent strict- 
ly a preliminary report designed to stimulate 
others in the detection of preclinical Paget’s 
disease of the nipple. All the 7 patients herein 
reported on briefly were observed in one hos- 
pital over a 5 year period, during which time 
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a total of perhaps 20 examples of typical clini- 
cal Paget’s disease were studied. Current in- 
vestigation of a large series of cases of duct or 
comedocarcinoma of the breast is expected 
to yield a number of additional examples of 
the preclinical form of Paget’s disease of the 
nipple, and to provide more nearly accurate 
figures of incidence of the condition. Results 
of these studies will be reported later. 

The implications of the ‘nipple findings” 
detailed in this study are fairly obvious. That 
the cutaneous changes in Paget’s disease rep- 
resent malignant neoplasms is a matter which 
no longer is in dispute. That a deep-lying 
mammary adenocarcinoma might be second- 
ary to the lesion in the skin has never been 
disproved, notwithstanding the fact that typi- 
cal Paget’s cells never occur in the axillary 
nodes which are metastatically involved in 
about a third of the cases. Although study of 
the present series does not conclusively rule 
out the cutaneous origin of the entire malig- 
nant process, the extremely small size of the 
intraepidermal component as compared with 
the large bulk of the deep-lying mammary 
lesions argues against such a notion, to say the 
least. Moreover, the history and clinical find- 
ings in the cases we have presented were such 
as to imply very strongly that the glandular 
component of Paget’s combination had ex- 
isted for months or even years prior to the 
malignant change in the skin—a change which 
involved only a relatively small number of 
cells. It is true that the autochthonous origin 
of these cells within the epidermis is not dis- 
proved, but the evidence supports more 
strongly the concept of epidermal metastasis 
from the deep-lying lesion. Details recorded 
in several cases in which such a mode of patho- 
genesis was exhibited are being prepared for a 
subsequent report. 


SUMMARY 


Originally described as a clinical entity in 
which an eczematoid lesion of the nipple 
sometimes was followed by the development 
of an underlying mammary carcinoma, Pag- 
et’s disease of the nipple has reached a status 
in which investigators overemphasize the gross 


SURGERY, GYNECOLOGY AND OBSTETRICS 


clinical features of the cutaneous component, 
Not all conditions in which there is excoriation 
of the nipple are examples of Paget’s disease, 
but certain peculiar malignant characteristics 
of the involved skin fortunately are patho- 
gnomonic of true Paget’s disease. In the expe- 
rience of many who have studied examples of 
Paget’s disease, these cutaneous changes al- 
ways are accompanied, if not preceded, by the 
development of an adenocarcinoma in the 
underlying breast. The “deep” carcinoma 
tends to be multicentric and its origin seems 
to be from the lining of the large ducts. A 
series of 7 cases of Paget’s disease is herein 
presented in which no macroscopic signs of 
abnormality of the nipples could be detected, 
the clinical picture being that of ordinary 
mammary carcinoma, sometimes of several 
years’ duration. Evidence strongly suggests 
that in these patients the deep glandular carci- 
noma preceded in point of time the evolution 
of the cutaneous changes which, although 
typical of Paget’s disease, were found only 
after careful and prolonged microscopic search. 
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A HISTOLOGICAL STUDY OF THE EFFECT OF CORTI- 


SONE ON WOUNDS HEALING PER PRIMAM 


An Experimental Study 


JACK W. COLE, M.D., J. LOWELL ORBISON, M.D., WILLIAM D. HOLDEN, M.D., F.A.C.S., 
THOMAS J. HANCOCK, M.D., and JOHN F. LINDSAY, M.D., Cleveland, Ohio 


HE purpose of this experimental 

study was to determine the effect of 

subcutaneously administered 11-de- 

hydro-17-hydroxycorticosterone (cor- 
tisone, compound E) on wounds healing by 
primary intention. Histological methods and 
staining techniques were used. 

Observations on the beneficial effects of 
cortisone in the treatment of so called “colla- 
gen-disease” suggested that a significant effect 
may be exerted by this hormone on tissues en- 
gaged in reparative processes. Ragan and his 
co-workers noted that open wounds, in pa- 
tients receiving cortisone or ACTH, healed 
slowly with delay in the formation of granula- 
tion tissue. This observation prompted them 
to investigate, under controlled laboratory 
conditions, the effect of cortisone in artificially 
produced granulating wounds in the ears of 
rabbits. The results of these experiments sub- 
stantidted their clinical impression that the 
hormone administered in large doses caused a 
retardation in the development of all elements 
of connective tissue. Employing smaller dos- 
ages, they observed a delay in the appearance 
time of granulation tissue rather than com- 
plete suppression of growth. It seemed worth- 
while to determine if any suppression of heal- 
ing would occur in wounds aseptically pro- 
duced and healing per primam when quanti- 
ties of cortisone were used that approximated 
those recommended in clinical therapy. 


METHOD 


Healthy mongrel male dogs were used 
throughout the experiment with the excep- 
tion of dog No. IO-21, which was a female. 
They were fed a standard kennel ration and 
received oral daily supplements of 100 milli- 
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grams of ascorbic acid. Four animals re- 
ceived cortisone and 3 others served as con- 
trols. The cortisone was given subcutaneously 
beginning 1 day prior to wounding and daily 
until the twentieth postoperative day. The 
dose was 2 milligrams per kilogram of body 
weight. Under intravenous nembutal anes- 
thesia, the backs were shaved and prepared 
with soap, alcohol, and tincture of zephiran. 
Wounds were made over the scapulae to 
minimize the possibility of contamination 
while the animals were reclining in their 
cages. Two wounds, each measuring 11 centi- 
meters in length were made on each of the 
animals and carried down to the ribs. The 
separate layers were then approximated with 
interrupted No. ooo cotton sutures. The 
sutures of the control and experimental ani- 
mals were removed on the seventh day follow- 
ing the operation. Transverse ellipsoid biop- 
sies of the wounds were taken on the third, 
seventh, tenth, and twentieth postoperative 
days, alternate wounds being used for each 
biopsy. The biopsies included all layers of the 
initial wounds. 

Biopsy specimens of the wounds were exam- 
ined without knowledge as to whether they 
were obtained from the control or cortisone 
treated animals. Each specimen was so di- 
vided that half was fixed in Carnoy’s solution 
and half in buffered to per cent formalin. 
Sections from each specimen and each fixative 
were then stained by several methods. The 
hematoxylin and eosin stain was used as the 
routine stain for histologic and cytologic 
examination; the aniline blue stain for identi- 
fication of collagen and the elastic van Gieson 
stain for elastic tissue as well as collagen. A 
silver stain was used for the identification of 
reticulum or “precollagen’”’ and for observa- 
tion on regeneration of the basement mem- 
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Fig. 1. Section through wound (see arrows) of control 
dog No. 10-18 three days postoperative stained with ani- 
line blue for connective tissue. The absence of continuity 
of collagen across the wound can be seen; the red-staining 
fibrin and serum in the wound appear as pale gray (X 22). 


brane. The periodic acid Schiff reaction was 
used for the identification of carbohydrate 
substances, particuiariy the basement mem- 
brane. The phosphotungstic acid hematoxy- 
lin stain was used to identify fibrin. 

Total plasma proteins were determined on 
each animal during the period of observation. 
Animal weights were recorded at the begin- 
ning of the experimental period as well as at 
its termination. Ascorbic acid blood levels 
were obtained on the animals during the last 
half of the experimental period. 


RESULTS 


All animals remained in apparent good 
health throughout the experiment. Weight 
variations in the individual animals were not 
great. The initial wounds healed per primam 
in both the control and cortisone treated ani- 
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Fig. 2. Section through wound (see arrows) of corti- 
sone treated dog No. IO-19 three days postoperative. 
Microscopic comparison of this biopsy with that of control 
reveals similarity in all respects to control dog (No. IO-18) 
illustrated in Figure 1 (X 22). 


TABLE I.—TOTAL PROTEIN AND HEMATOCRIT 
VALUES OF CONTROL AND CORTISONE TREAT- 
ED ANIMALS DURING THE COURSE OF THE 






































EXPERIMENT 
Hematocrit 

| cane 

poser 7th post ° Day postoperative 
day | Peeper 
2d-% | oth-% | 16th-% | 23d-% 
10-17 mam 45 43 42 43 43 
10-18 5.4 47 42 47 38 42 
10-10 5.6 50 44 45 43 49 
Cortisone 

10-19 5.85 45 46 45 43 44 
10-20 48 50 45 46 45 
I0- 9 6.2 43 40 41 47 52 
10-21 61 44 42 43 43 
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Fig. 3. Section through wound of control dog No. IO- 
10 seven days postoperative stained with hematoxylin- 
eosin. Regeneration of epithelium and proliferation of 
fibroblast in corium are obvious (X 6s). 


mals and no difference could be noted in the 
appearance of the wounds in the 2 groups of 
animals. There were no instances of wound 
infection. Serum accumulated in the wound 
of one of the control animals and 2 of the ani- 
mals receiving cortisone following the first 
biopsy. The serum was aspirated in each case. 
Total plasma protein determinations on the 
animals’ seventh postoperative day showed 
only a slight difference between the various 
animals and they were obviously not related 
to cortisone administration (Table I). Hema- 
tocrit values were relatively constant for ani- 
mals throughout the period of observation 
(Table I). 

Over 300 microscopic sections of the biopsy 
specimens removed from both the control and 
cortisone treated animals were subjected to 
careful histologic examination and revealed no 
difference between the two groups of animals. 
All of the animals reacted similarly except for 
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Fig. 4. Section through wound of cortisone treated dog 
No. IO-21 seven days postoperative. Similar in all respects 
to control dog (No. IO-10) which is illustrated in Figure 3 
(X 65). 


the biopsy taken on the seventh day on one 
dog (IO-19, cortisone treated) which showed 
very little fibroblastic proliferation in the co- 
rium but moderate fibroblastic proliferation in 
the subcutaneous tissue, fascia, and muscle. 
With the exception of this animal, all were 
similar and will, therefore, be described to- 
gether. 

Biopsies of the wounds on the third day re- 
vealed a mass of amorphous material overly- 
ing the epithelium in which some fibrin and a 
moderate number of leucocytes were identi- 
fied. No regeneration of the epithelium had oc- 
curred and the wound in the corium, subcu- 
taneous tissue, and muscle contained small 
amounts of fibrin and amorphous material 
but was devoid of any cellular proliferation. 
The special stains for connective tissue and 
reticulum revealed neither within the wound. 

On the seventh day the crust remained upon 
the surface but the epithelium had completely 








Fig. 5. Section adjacent to that in Figure 3 (control 
dog No. IO-10) stained for reticulin. Note regeneration of 
basement membrane beneath epidermis and production of 
reticulin fibers in corium (X 65). 


regenerated beneath the crust and was some- 
what thicker in the region of the wound than 
elsewhere. At this time the prickle cell layer 
contained large amounts of glycogen. Both 
the reticulum and periodic acid Schiff stains re- 
vealed the basement membrane to be reformed 
but thinner than normal. In the corium, sub- 
cutaneous tissue, fascia, and muscle there was 
moderate proliferation of fibroblasts and by 
special stains, a moderate amount of reticu- 
lum and a small amount of collagen were 
demonstrated. 

By the tenth day the reticulum and colla- 
gen were moderately increased over that seen 
at the seventh day and the basement mem- 
brane was of usual thickness. The glycogen 
in the epithelium was slightly less than on the 
seventh day. 


SURGERY, GYNECOLOGY AND OBSTETRICS 





Fig. 6. Section adjacent to that in Figure 4 stained for 
reticulin. Note regeneration of basement membrane be- 
neath epidermis, and production of reticulin fibers in co- 
rium similar to control in Figure 5 (X 65). 


By the twentieth day the collagen was 
present in large amounts but the reticulum 
was notably decreased in comparison to the 
amount present at 10 days. At this time the 
epithelium over the wound was somewhat 
thinner than elsewhere and had very little or 
no glycogen. No identifiable elastic tissue re- 
generated in the wound in the 20 day period 
of the experiment 


DISCUSSION 


We appreciate the fact that the number of 
animals studied in this experiment is small and 
further examination of our present results is in 
order; nevertheless, our observations demon- 
strated a consistency that justifies the follow- 
ing inferences. It is probably fair to conclude 
at this time that cortisone in dosages of 2 
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Fig. 7. Higher magnification of rectangle shown in Fig- 
ure 5 (control dog No. 10-10) to show detail of reticulin 
fiber production in the corium (X 348). 


milligrams per kilogram of body weight does 
not effect the healing process in sutured 
wounds to a degree detectable by ordinary 
histological methods or careful observation in 
the gross. 

Under the conditions of this experiment, the 
microscopic comparison of the biopsies from 
cortisone treated and control dogs revealed no 
difference in the healing of epithelium, co- 
rium, subcutaneous tissue, fascia, or muscle. 
The only apparent opportunity for variation 
in healing may have occurred in the 4 day 
period between the biopsies taken on the third 
day which showed no healing and those taken 
on the seventh day which showed equal de- 
grees of healing for both control and cortisone 
treated animals. Hence, if there was any dif- 
ference in the degree of healing it must have 
appeared and disappeared within this 3 day 
period. Such a possibility seems unlikely in 
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Fig. 8. Higher magnification of rectangle shown in Fig- 
ure 6 to show detail of reticulin fiber production in corium. 
Note similarity to control in Figure 7 (X 348). 


view of the fact that the progression of heal- 
ing was identical throughout the remainder of 
the experiment. 

Only 1 animal showed any exceptions to the 
changes here described. In this animal that 
received cortisone, a biopsy taken on the 
seventh day showed less fibroblastic prolifera- 
tion in the corium than was seen in the other 
specimens. However, the epithelium had re- 
generated and the subcutaneous tissue, fascia, 
and muscle showed fibroblastic proliferation, 
reticulum, and collagen formation similar to 
that of the other seven day specimens. Since 
the biopsy taken on this animal on the tenth 
day was similar to all other biopsies taken at 
10 days, it is concluded that this must have 
been a peculiarity of the one animal, or more 
likely a focal variation in the wound. 

Although we could demonstrate no signifi- 
cant difference either grossly or histologically 
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between the healing wounds in our control 
animals and those receiving cortisone, it is not 
intended to imply a failure to confirm the 
observations of other workers who have found 
a suppression of mesenchymal elements in the 
healing process of cortisone treated animals. 
The apparent discrepancies between our re- 
sults and those of other workers may be due to 
any one or a combination of factors. Wounds 
healing by secondary intention exert a much 
greater physiological demand on the animal 
in so far as protein synthesis is concerned, and 
they require greater capillary proliferation and 
fibroblastic response to repair the defect than 
is necessary in wounds healing per primam. 
The possibility of surface contamination is 
more likely in granulating wounds and low 
grade infections are known to manifest a detri- 
mental effect on tissues engaged in repair. In 
addition, the increased protein catabolism 
that follows the administration of large doses 
of cortisone, due in part to a disturbed carbo- 
hydrate metabolism (1, 3, 4) will necessarily 
have an unfavorable influence on the bodies’ 
efforts to repair damaged tissue. Other con- 
siderations demanding attention in studies of 
this sort before comparison or final conclu- 
sions are in order, are animal species varia- 
tions, age, sex of the animals, and ascorbic 
acid requirements, some of which may be in- 
strumental in the divergent findings in the 
present studies. Hench and co-workers ob- 
served no disturbance in primary wound heal- 
ing in several patients receiving either ACTH 
or cortisone or both who had undergone arthot- 
omies and needle biopsy during their course 
of hormonal therapy. This lends support to 
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the premise that clinical dosages of ACTH 
and cortisone have little, if any, effect on 
wounds healing per primam. Thorn and co- 
workers recently reported a similar experience 
in patients. Since our experimental work was 
undertaken, we have had occasion to perform 
major surgery on several patients receiving 
cortisone and in no instance has there been 
clinical evidence of poor wound healing. 


SUMMARY 


1. Under the conditions imposed by this ex- 
periment, linear, aseptic wounds in cortisone 
treated and control dogs revealed no difference 
in the rate or quality of healing as determined 
by histologic examination of the wounds. 

2. The possible significance of the findings 
is discussed. 
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THE ADENOMA-CARCINOMA SEQUENCE IN CANCER 


OF THE COLON 
RAYMOND J. JACKMAN, M.D., and CHARLES W. MAYO, M.D., F.A.C.S., Rochester, Minnesota 


N our opinion polyps (adenomas) of the 
large intestine, if given sufficient time, 
develop into carcinomas. Whether all 
carcinomas of the colon have their origin 

in polyps is a debatable point, and the mecha- 
nism by which a polyp becomes transformed 
into cells which assume independent growth is 
unknown. Likewise, the time factor needed 
for what one may consider a benign polyp to 
assume malignant characteristics is variable 
and difficult to determine. Whether a sessile 
or a pedunculated polyp is most apt to become 
cancerous is another debatable point, though 
it is generally assumed that the sessile polyp 
is more prone to develop in this direction. It is 
quite generally accepted that every peduncu- 
lated polyp was at one time sessile—that 
through the propulsive activities of the bowel 
the sessile polyp was pulled out and a pedicle 
was thus created. 

It should be made clear that in this discus- 
sion the word “‘polyp”’ refers to what is gener- 
ally thought to be an adenomatous type of 
growth of the large intestine. Though the 
polyp may be small it can show adenomatous 
or adenocarcinomatous cells, and this point 
can be determined only on microscopic exami- 
nation of tissue removed from it. These 
adenomas are true tumors, and at least clini- 
cally they must be considered premalignant 
lesions. 


EVIDENCE THAT POLYPS ARE FORERUNNERS 
OF MALIGNANT TUMORS 


Certain definite evidence has accumulated 
during the past several years which indicates 
that polyps of the large intestine are forerun- 
ners of cancer. _ 

1. The close parallelism between the loca- 
tion of polyps and the location of carcinomas 
in various segments of the large intestine is 
remarkable. As indicated in Figure 1, about 
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70 per cent of all carcinomas of the entire large 
bowel occur within reach of the 24 centimeter 
sigmoidoscope. Likewise, about 70 per cent of 
all the polyps occur in the same zone. 

2. The close parallelism between carcinomas 
and polyps as to age and sex distribution is 
significant. According to age, carcinoma of 
this region is most frequent in the “cancer 
years,” that is, ages 30 to 70 years. This age 
span is also that of the greatest incidence of 
polyps. Below the age of 30, cancer and 
polyps of the large intestine are certainly not 
uncommon findings, and polyps in this region 
are considered to be the commonest cause of 
rectal bleeding in infancy and childhood. 

As to the sex distribution of the two condi- 
tions, both polyps and carcinoma of the large 
bowel predominate in males over females in a 
ratio of about 3 to 2. In a study of 100 chil- 
dren whose average age was 3.4 years, the 
majority of whom were 5 years of age or under, 
Kerr found 56 males and 44 females,: giving 
about the same 3 to 2 ratio. 

3. The frequency with which polyps are 
associated with carcinoma is notable. About 
18 per cent of all resected specimens of carci- 
noma of the large bowel wall are found to have 
I or more tiny polyps adjacent to the lesion 
(Fig. 2). Certainly this rate of 18 per cent 
would be considerably higher if one considered 
the entire large bowel since frequently 1 or 
more tiny polyps are found in the rectum or 
rectosigmoidal region on sigmoidoscopic exam- 
ination when the carcinoma is found on roent- 
genologic examination of the colon to be in the 
right part of the colon or otherwise far re- 
moved from the location of the polyps. 

4. Patients with untreated familial multiple 
polyposis of the colon almost invariably die of 
cancer of the colon if they do not succumb to 
hemorrhage or some other disease in the mean- 
time. Fortunately this condition is relatively 
rare, but the frequency with which these usu- 
ally young adults are found already to have 
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Carcinoma 





Fig. 1. Comparative distribution of carcinomas and 
polyps in the large bowel. 


an invading malignant lesion when they apply 
for treatment is discouraging. 

5. The untreated polyps will show super- 
imposition of a carcinoma on subsequent 
examinations (1, 3). Several reports have 
appeared in the literature citing instances in 
which adenomas were known to exist and for 
various reasons left untreated. Examination 
years later (in 2 cases, 16 years and 1g years, 
respectively, after the original examination) 
revealed a full-blown annular carcinoma at the 
site where the polyp had been. It is difficult to 
determine what factor or factors would main- 
tain the status quo of the polyp for so many 
years. Robertson has suggested that the tip 
of the polyp becomes transformed into cells 
which slowly escape from inhibitory regulation 
and assume independence of growth. As more 
and more glandular groups proliferate, the 
cells finally break through the basement mem- 
brane and carcinoma becomes microscopically 
evident. 

6. Polypoid disease and subsequent carci- 
noma are among the commonest complications 
of chronic ulcerative colitis. It is variously 
estimated that about 10 to 15 per cent of all 
patients with chronic ulcerative colitis subse- 
quently have polyps or polypoid lesions, while 
only 3 to 5 per cent of these patients die as the 
result of carcinoma of the colon. Given time, 
that is, if the patient did not succumb to some 
other disease, the frequency of deaths from 
cancer in chronic ulcerative colitis would 
probably be considerably higher. 

All of this evidence has created unanimity 
of opinion that the polyp-carcinoma sequence 
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is quite definite. If this is true, and if physi- 
cians are going to practice cancer prevention, 
they should take advantage of this fact by 
diagnosing and eradicating all polyps before 
they become malignant. Swinton and others 
have advocated that a sigmoidoscopic exami- 
nation be carried out on all patients over 35 
years of age as a part of a general physical 
examination if the greatest number of pre- 
malignant lesions of the large intestine are to 
be discovered. In addition to this, if an 
adenoma is found, it would seem logical for 
that patient to have a roentgenogram of the 
intestine by use of the double-contrast tech- 
nique. The technical simplicity of a sigmoido- 
scopic examination and the ease of destroying 
these adenomas by fulguration further war- 
rants that at least this diagnostic procedure 
be used more frequently. 

Polyps of the large intestine may occur at 
any age but are less frequent in infancy and 
childhood than during the so-called cancer 
years. As stated previously, however, the 
commonest cause of rectal bleeding in infancy 
and childhood is polyps of the large intestine. 
The commonest symptom consistent with the 
possible presence of a polyp or polyps in the 
adult is rectal bleeding; however, most small 
polyps and most early carcinomas are not asso- 
ciated with the presence of blood in the stool. 
Although the above statements do not seem 
consistent, the following study will clarify it. 
Sigmoidoscopic examinations were recently 
done, as part of the general clinical examina- 
tion, on 1,000 adults in the age group of 30 to 
70 years who had no symptoms suggestive of 
any difficulty with the large bowel—specifi- 
cally, no passage of blood from the rectum nor 
any change in bowel habits. Twelve per cent 
of them were found to have 1 or more polyps, 
and in a small percentage early, frank carci- 
nomas were found within reach of the 24 
centimeter sigmoidoscope. In a comparable 
group of 1,000 adults in the same age bracket 
who did have symptoms, that is, rectal bleed- 
ing or change in bowel habits or abdominal 
cramps, a similar percentage (12 per cent) 
was found to have polyps or carcinoma. From 
the above observations one can state rather 
definitely that the early lesion, which is most 
amenable from the standpoint of treatment, 
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frequently produces no symptoms to indicate 
its presence. The frequency with which these 
small adenomas are found on sigmoidoscopic 
or roentgenologic examination depends on the 
care and zealousness with which the examiner 
searches for them. If 1 or more polyps are 
found on sigmoidoscopy or roentgenologic 
examination of the large bowel, they should be 
removed by fulguration or excision, and the 
patient should be instructed to have these diag- 
nostic procedures repeated at least annually. 
This study would indicate, then, that many 
polyps and some early carcinomas of the large 
intestine do not give rise to any symptoms, 
and that bleeding, change in bowel habits, 
obstructive symptoms, and so forth, are rela- 
tively late signs. 

According to figures from the Federal Secur- 
ity Agency, carcinoma of the large intestine 
accounted for 33,000 deaths in the United 
States in 1947 (2). It has been estimated that 
approximately 12 per cent of all malignant 
tumors of the human body and 80 per cent of 
all cancers of the entire alimentary tract, 
exclusive of the stomach, originate in the anus, 
rectum, and sigmoid. Cancer of the rectum 
and sigmoid is considered next in frequency to 
cancer of the stomach (some authors believe 
that cancer of the rectum occurs more fre- 
quently) and is equal in incidence to cancer of 
the uterus. Cancer of the rectum and sigmoid 
ranks fourth among those that affect the 
human body, being preceded by cancer of the 
cervix, breast, and possibly the stomach and 
lungs. 

If one concurs in the foregoing statements, 
accepts the concept of adenoma-carcinoma 
sequence, and realizes the relative inexperi- 
ence required to diagnose most malignant 
lesions of the large intestine, then it is a duty, 
if one is going to practice cancer prevention 
and good medicine and surgery, to become 


familiar with the diagnostic procedures avail- 
able. 


DIAGNOSIS 


With regard to any indeterminate lesion of 
the large intestine the sequence of the diag- 
nostic procedures should be history taking, 
physical examination, stool examination, sig- 
moidoscopic examination, and roentgenologic 
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Fig. 2. 
occurs in 18 per cent of all resected specimens of carcinoma 
of the large bowel. In each specimen, a “sentinel” polyp is 
present in a portion of the bowel adjacent to the carcinoma. 
The polyp is encircled in the specimens on the left and the 
right, and it is inferior to the carcinomas in the center 
specimen. 


Association of carcinomas and polyps, which 


examination of the large intestine. This 
sequence can be altered depending on the his- 
tory and physical findings, with perhaps omis- 
sion of the stool examination, but in my opin- 
ion a roentgenogram of the colon should rarely 
be made without a preceding sigmoidoscopic 
examination. Even if a lesion of the right part 
of the colon is suspected, it is important for 
the sigmoidoscopic examination to be done 
because of the possible presence of polyps in 
the rectal or sigmoidal regions. How tragic it 
is to have the surgeon skillfully resect the 
right side of the large intestine, because of a 
carcinoma in that location and anastomose the 
ileum with the transverse colon in the pres- 
ence of another carcinoma in the region of the 
rectosigmoid or rectum! This happens if a sig- 
moidoscopic examination was omitted. Mul- 
tiple carcinomas of the large bowel occur in 
about 5 per cent of cases. 

There are several reasons why a sigmoido- 
scopic examination should precede roentgeno- 
logic examination of the large bowel: (1) The 
sites of about 70 per cent of both malignant 
and inflammatory processes are within reach 
of the sigmoidoscope. (2) It requires less tech- 
nical knowledge to perform sigmoidoscopy 
and interpret the findings than it does to 
make and interpret a roentgenogram of the 
large bowel. (3) Barium given by mouth or as 
an enema to study the large bowel can be 
dangerous in that it may convert partial ob- 
struction to complete obstruction. (4) Prepa- 
ration of the patient with enemas for sig- 
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moidoscopy is certainly less arduous than the 
castor oil purgation, fasting, and use of enemas 
needed for roentgen examination. 

I certainly do not mean to imply that 
roentgen-ray studies of the large bowel are not 
a valuable diagnostic procedure, but such a 
study should be in addition to sigmoidoscopic 
examination. 


SUMMARY AND CONCLUSIONS 


The concept of adenoma-carcinoma se- 
quence in carcinoma of the large bowel is sup- 
ported by (1) the close parallelism between 
the location of polyps and the location of 
carcinoma in various segments of the colon, 
(2) the close parallelism in age and sex inci- 
dence, (3) the frequency with which polyps 
are associated with carcinoma (the “‘sentinel’’ 
polyp), (4) the frequency of malignant degen- 
eration in familial multiple polyposis, (5) sub- 
sequent replacement of known solitary adeno- 
mas by frank carcinoma, and (6) polypoidosis- 
carcinoma complications of chronic ulcerative 
colitis. 

About 70 per cent of all carcinomas and 
polyps of the large bowel occur within reach 
of the sigmoidoscope. 

Many adults in the age group of 30 to 70 
years (variously estimated at from 7 to 17 per 


cent) have polyps and in a few instances early 
carcinoma of the large intestine which are 
entirely asymptomatic. 

The relatively simple diagnostic maneuver 
of a sigmoidoscopic examination and the sim- 
plicity of destroying these precancerous adeno- 
mas would certainly warrant that physicians 
become more conversant with the procedure 
mentioned. 

A sigmoidoscopic examination should prac- 
tically always precede a roentgenologic exami- 
nation of the large bowel, and it certainly 
should not be omitted just because the roent- 
genogram shows a lesion out of range of the 
sigmoidoscope. 
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EXSTROPHY OF BLADDER TREATED BY RECTAL 


TRANSPLANTATION OF DIVIDED TRIGONE 


Modification of the Maydl-Bergenhem Operations 


WILLARD E. GOODWIN, M.D., Baltimore, Maryland, and PERRY B. HUDSON, M.D., 
New York, New York 


ARLY surgical treatment of bladder 
exstrophy by diversion of the urinary 
stream into the bowel has become an 
accepted procedure (9, 15). Harvard 

and Thompson have demonstrated that “the 
life expectancy of persons with an exstrophic 
bladder is increased measurably by suitable 
treatment” (14). Commonly this is accom- 
plished in two stages by transperitoneal ure- 
terosigmoidostomy by either the Coffey tech- 
niques (6) or the currently popular “‘end-to- 
side, mucosa-to-mucosa anastomoses” which 
was described recently by Cordonnier (7, 8) 
and Nesbit. Advances in the use of antibiotic 
therapy, both for preoperative sterilization of 
the bowel and in the prevention of postopera- 
tive complications from upper urinary tract 
infection have made the operation much safer 
now than formerly. Review of the numerous in- 
genious techniques employed for diversion of 
the urinary stream in the past (17) suggests that 
some surgically sound contributions were dis- 
carded because of earlier high mortality due 
to infection may be currently useful. Such 
is the case with extraperitoneal transplanta- 
tion of the intact ureteral orifices for bladder 
exstrophy. This technique is particularly ap- 
plicable now when the additional principle of 
mucosa-to-mucosa anastomosis is used. 


LITERATURE 


Maydl, in 1894, first described successful 
transperitoneal transplantation of the whole 
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trigone, with ureters intact, into the sigmoid. 
Bergenhem, a year later, reported transplan- 
tation of each ureteral orifice separately into 
the rectum, extraperitoneally. Both opera- 
tions had considerable popularity; and Ber- 
genhem’s operation, which was surgically safer 
and sounder, was the subject of favorable re- 
ports in the American literature (5, 19, 23). 
Stevens, in 1916, made a careful study of the 
literature and summarized the results up to 
that time. The 1923 article by Hutchins and 
Hutchins, with its classic illustrations by Max 
Broedel, is one of the most definitive. 

The operation, as they described it, con- 
sisted of: bisection of the lower half of the 
bladder; isolation of each ureteral orifice to- 
gether with a button of bladder; and trans- 
plantation of each orifice and attached blad- 
der through separate stab wounds in the rec- 
tum, extraperitoneally. No attempt was made 
to produce mucosa-to-mucosa approximation. 
The rectal wounds were closed loosely about 
the ureters. 


THIS TECHNIQUE 


The present operation here to be described 
differs from the Hutchins’ description of Ber- 
genhem’s procedure in 3 important details: 

1. Present-day techniques of preoperative 
bowel preparation are used to the utmost tc 
aid in combatting infection. Modern anti- 
biotics are freely used during the critical post- 
operative period. 

2. The ureteral orifice and its button of 
mucosa are separated with a much larger cuff 
of bladder wall to insure maximal blood and 
nerve supply. 

3. A careful watertight approximation of 
bladder mucosa around the ureteral orifice to 
bowel mucosa is achieved by the use of fine 
catgut sutures, the mucosa-to-mucosa principle. 
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Fig. 1. Small ureteral catheters are passed a short way 
into the ureters and tied in place for identification purposes 
for the duration of the procedure. 


ADVANTAGES 


This procedure, when employed in the 
treatment of exstrophy, has several obvious 
advantages over the conventional present-day 
methods of uretero-enterostomy. 

1. The operation from beginning to end 
may be done completely extraperitoneally, thus 


Fig. 2. A vertical incision is made through all the layers 
of the bladder in the exact midline from the top of the 
bladder to the vesicourethral junction. 


peritoneum 


Fig. 3. Transverse incisions are made, freeing the neck 
of the bladder from the urethra inferiorly and laterally. 


avoiding the hazards of transperitoneal ure- 
terointestinal anastomosis. This factor alone 
may have accounted for the reduced surgical 
mortality of the Bergenhem operation (16 per 
cent) as compared with others (31 per cent 
average) reported by Hinman (16). 

2. The ureteral orifice, and whatever intrin- 


sic value it possesses as a safeguard against 
infection, obstruction, and “‘ascending infec- 


tion,” is implanted intact. (A) Its “valve ac- 
tion” is preserved. (B) A maximal preservation 
of normal, anatomical nerve and blood supply 
is achieved by the use of a carefully dissected, 
much larger segment of bladder than of 
mucosa.! The works of Flocks and Cor- 
donnier (7, 8) have served again to empha- 
size the fact so well appreciated and described 
by Hinman (16) that intact blood supply at 
the site of implantation is a factor of prime 
importance in immediate and late results of 
uretero-enterostomy. 

3. The application of the mucosa-to-mucosa 
principle of transplant to produce a water- 
tight anastomosis of mucosa around the ure- 
teral orifice to the mucosa of the bowel is 
surgically more sound and exact than the 
Coffey techniques or the original operation 


1Appreciation of the use and value of this principle, as well as 
our present employment of these modifications of Bergenhem’s 
operation, are the direct result of experimental surgery in the 
laboratory, where cutaneous explantation of intact ureteral 
orifices was performed on dogs and monkeys for another pur- 
pose (13). 
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Fig. 4. The button of mucosa surrounding the ureteral orifice is prepared by cut- 
ting through mucosa and submucosa, but not through bladder muscle. 


described by Bergenhem and elaborated by 
Hutchins and Hutchins (19). In the hands of 
the careful surgeon it is technically simple and 
easy to perform. 

4. The site of transplantation is very low in 
the bowel, almost at the anus. The advan- 
tages of “low” versus ‘“‘high’’ uretero-enteros- 
tomy have been described most recently by 
Boyce and Boyce and Vest (2, 3, 4). There is 
minimal opportunity for reabsorption of uri- 
nary products through the bowel (10). It.ap- 
pears from our own experience and that of 
others that the rectum in these cases may act 
almost like a true cloaca and that the patients 
may on occasion alternately urinate nearly 
pure urine and pass semisolid stools. 

Because of the low point of anastomosis, the 
ureteral orifices are available to inspection 
through an anoscope, an advantage recog- 
nized and described by others (18, 19, 22, 24). 

5. The ureters enter the bowel almost in a 
straight line, with minimal kinking to cause 
obstruction and practically no deviation of the 
ureteral orifice from its normal position be- 
yond a moderate medial rotation. This is 
anatomically sound. 

The enumerated advantages fulfill the cri- 
teria established by Hinman for a superior 
method of transplantation (16): “... the 


method which eliminates the risk of peritonitis 
and carries the least likelihood of ureteral ob- 
struction will be superior. The destiny of the 


Fig. 5. The redundant mucosa is stripped upward and 
outward off the bladder muscle by blunt dissection, leaving 
a small tip of mucosa containing the ureteral orifice sur- 
rounded by a much larger area of vascular bladder muscle. 
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Fig. 6. The button of bladder containing the ureteral orifice and intramural ureter 
is freed from the rest of the bladder by sharp dissection. 


ureter is the all-important factor.” To this 
we would add that the destiny, function, and 
normalcy of the ureteral orifice in its newly- 
established resting place in the bowel is an 
equally important factor. This technique, 
more than any other, predisposes to a nor- 
mally placed and functioning ureteral orifice 
from the moment of transplantation. 

This procedure is reported and advocated 
here for cases of exstrophy. However, it is 
obvious that it would also be applicable in 
certain cases in which diversion of the urinary 
stream is indicated for reasons other than 


carcinoma of the bladder (e.g., incurable in- 
continence in the female). 


THE OPERATION 


Preoperative care. Preliminary studies in- 
clude: intravenous pyelograms; estimation of 
blood hemoglobin and white blood cell count; 
and blood ‘chemistry studies including non- 
protein nitrogen, carbon dioxide combining 
power, chlorides, and serum proteins. An 
attempt is made to provide optimum condi- 
tions of bowel and wound asepsis. The sched- 
ule by days before operation is as follows: 
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Fig. 7. The cleavage plane between the fibrous inter- 
symphyseal band and the rectum is developed by blunt 
lissection until the portion of the rectum 2 to 3 centi- 
neters inside the anal sphincter is brought into view. 


Preoperative day Procedure 


5 Laxative; begin oral sulfathali- 
dine; begin soft diet 
Enema 
Laxative; begin liquid diet 
Enema 
Nothing by mouth except sulfa- 
thalidine and oral streptomycin 
for 24 hours; 24 hours of com- 
pressing exstrophied bladder 
with tyrothricin or bacitracin 
Day of operation Intravenous fluids and blood are 
given at a constant slow drip 
through a cut down if necessary 


In the operating room the lower abdomen, 
the exstrophy, the perineum, and the anal 
region are meticulously cleansed with ether 
and zephiran. 

Small ureteral catheters are inserted into 
the ureteral orifices and advanced upward 4 to 
5 centimeters in order to identify the orifices 
and intramural ureters for the duration of the 
procedure (Fig. 1). These catheters are held 
in place temporarily by black silk sutures tied 
to the inside of the upper thighs. 

Operation. A vertical incision is made in the 
midline of the bladder. It extends from the 
top of the exstrophy to the base of the bladder 
just below the trigone where the vesical neck 
would meet the prostatic urethra (Fig. 2). 
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Fig. 8. Prior to transplantation, stay sutures are placed 
on either side of the proposed point of incision in the rectal 
wall. A finger in the rectum is sometimes useful in selecting 
the site of transplant. 


Care is exercised to stay exactly in the midline 
in order to preserve blood and nerve supply 
which enters bilaterally and symmetrically 
from the sides and base of the trigone. Hemo- 
stasis is secured with the electrocautery. The 
bisecting incision is carried through mucosa, 
submucosa, muscularis, and fascia of the blad- 
der to the retrovesical plane of cleavage ante- 
rior to the peritoneum. Mild Trendelenburg 
position helps to relax intraperitoneal pressure 
and makes the dissection of the cleavage plane 
between bladder and peritoneum easier. If the 
operation is carefully done, it may be made a 
completely extraperitoneal procedure. 

After the bladder is bisected and the retro- 
vesical peritoneum is packed upward out of 
the wound, attention is turned to the prepara- 
tion of the mucosal buttons containing the 
ureteral orifices. At the most inferior portion 
of the bladder, where bladder mucosa meets 
the mucosa of the posterior urethra, trans- 
verse incisions are made through the vesical 
neck freeing the bladder laterally and inferior- 
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Fig. 9. 


The rectogenital septum is incised vertically revealing the vertical muscle 


fibers of the rectum which are also incised. A second layer of stay sutures is placed 
through the mucosa tenting it upward into the wound and simplifying the succeeding 
steps of opening the mucosa and the following anastomosis. 


ly (Fig. 3). Then, the distance from the mid- 
line incision to the ureteral orifice being used 
as a guide, a small elliptical button of mucosa 
is prepared with the ureteral orifice in its exact 


center (Fig. 4). This is done by cutting 
through mucosa and submucosa, but not 
through bladder muscle, in an elliptical area 
equidistant from the ureteral orifice. After 


the orifice and its mucosa are isolated, the sur- 
rounding mucosa on the portion of bladder to 
be sacrificed is peeled away from the ureteral 
orifice by blunt dissection with scalpel handle 
and thumb forceps (Fig. 5). The area of 
healthy bladder wall, denuded of its mucosa 
except for the small central button containing 
the ureteral orifice, is developed until it is a 
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Fig. ro. Anastomosis of the bladder mucosa to the 
bowel mucosa is carried out by 2 continuous running 
sutures of No. 00000 chromic catgut on an atraumatic 
needle. A second reinforcing layer of interrupted fine black 
silk sutures is placed from the muscularis of the bladder 
to the muscularis of the: bowel. 


little larger than a twenty-five cent piece. 
This dissection is implemented by having an 
index finger behind the bladder and then by 
pressing upward on the easily palpable ure- 
teral catheter which marks the course of the 
lower ureter. 

When an adequate area of denuded bladder 


surrounding the ureteral orifice and its tiny: 


mucosal button has been prepared, the blad- 
der muscle is then incised at the periphery of 
the dissection with particular care laterally 
and superiorly not to injure or even approach 
the intramural portion of the ureter (Fig. 6). 
It is at this point that most of the bleeding 
from the large vesical arteries is encountered 
and controlled. The incision in the bladder is 
made distant enough from the orifices to in- 
sure their adequate blood and nerve supply as 
the main arteries and most of the nerves in this 
region enter the bladder neck and trigone from 
behind bilaterally and symmetrically in the 
region of the ureter (Fig. 11, bottom inset). 
When this procedure is completed on each 


j‘middie vesical 


Fig. 11. The remaining bladder is closed in the most 
convenient fashion possible, by means of interrupted silver 
wire sutures. The inset (top), drawn after Broedel’s illus- 
tration for the Hutchins’ paper, indicates from a sagittal 
plane, the new position of the ureteral orifices. The lower 
insert reveals the intimate relationship of the ureter and the 
vascular supply to the bladder, which is preserved in this 
procedure. 


side, the buttons of bladder containing the 
ureteral orifices and their small ellipse of mu- 
cosa are ready for transplantation. The rela- 
tively large and vascular buttons of muscu- 
laris rapidly contract until they approximate 
the smaller size of the mucosal buttons. 

At this time the plane of cleavage between 
the fibrous intersymphyseal band and the 
rectum is developed by blunt dissection until 
the portion of the rectum 21% to 3 centimeters 
inside the anal sphincter is brought into view 
(Fig. 7). This is the point best suited for the 
transplantation, as the excessive length of the 
ureters in exstrophy cases allows the ureteral 








Fig. 12. 
marked rectal prolapse which was eradicated by the 
operation. 


Preoperative photograph in Case 1, showing 


orifices to drop downward 1 to 2 centimeters 
from their original position after they have 
been freed. 
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The rectum behind the intersymphyseal 
band is pulled upward into the wound so that 
the transplant can be made in the portion of 
the rectum which will lie behind the band. It 
has helped, on some occasions, to place an 
index finger through the anus into the rectum 
to lift it upward at this point. Temporary 
stay sutures of black silk are placed on either 
side of the proposed point of incision antero- 
laterally in the rectal wall to implement the 
anastomosis (Fig. 8). Implantation is carried 
out first on one side and then on the other. 
The method is duplicated and is described 
here for only one side. After the stay sutures 
have been placed a vertical incision is made 
through the fascia (“rectogenital septum’’) 
which separates the bladder from the rectum 
(Fig. 9a). This fascia strips backward reveal. 
ing the serosa and muscularis of the rectum 
(Fig. ob). These fibers are also incised verti- 
cally and gently retracted to reveal the mu- 
cosa lying beneath (Fig. gc and d). Additional 


TABLE I.—PREOPERATIVE AND POSTOPERATIVE BLOOD CHEMISTRY STUDIES IN 2 PATIENTS 
TREATED WITH TRANSPLANTATION OF THE DIVIDED TRIGONE INTO THE RECTUM 








































































































































NPN CO: c.p C1 Ca ig Na K 
Date mgm.% mEq./L. mEq./L mgm.% mgm.% mgm.% mgm.% 
(Z.H.) | Jan. 11 ’50 "4 30 aoe a. | 84 2 oe ig 9.2 141.6 i 4.9 
ae. — SSS ee ——— 
Feb. 27 30 28.4 103.4 11.4 5.6 
Mar. 20 : (Date of operat ion) ak aoe a ee 
Mar. 21 32 25.0 100.0 oe a 138.0 4.2 
Mar. 23 a 22 30.0 98.4 “i i 3.6 i: 139.6 3-4 ie 
Mar. 24 18 - 30.0 
Mar. 25 30.0 cr 100.0 oa or 
Apr. 5 36 30.0 100.6 ‘ee 
May 18 4 20.8 101.1 10.9 ae 6.4 ce 
Oct. 11 34 22.5 107.8 10.6 5.6 
(T.C.) May 26 ’50 35 26.6 105.8 10.8 tal 6.2 > me 141 5.0 
Case 2 
June 2 (Date of operat}ion) _ 
June 3 25 21.2 99.0 Raed: ety 
June 5 20 25.0 100.4 137 3-7 
June 6 28.4 101.6 
June 16 40 25.0 106.0 
Aug. 22 39 19.1 107.8 11.9 6.4 
Aug. 28 36 26.2 111.2 12.6 6.8 
Sept. 1 23-3 104.0 142 5.5 
Oct. 12 33 22.5 108.2 
Dec. 11 37 21.6 106.0 11.3 4.0 me 
Mar. 8’51 













































GOODWIN ET AL.: 


lateral stay sutures are then placed in the 
mucosa to allow it to tent upward into the 
wound (Fig. 9d). The mucosa is then incised, 
either by making a stab into it with a pointed 
knife, or by cutting it with the tips of finely- 
pointed scissors. This produces a small open- 
ing into the lumen of the bowel under direct 
control of the operator. 

Transplantation is then carried out as fol- 
lows (Fig. 10): The button of bladder mucosa 
including the ureteral orifice is brought down- 
ward to the point where it is to be anasto- 
mosed to the bowel. The bladder mucosa 
which surrounds the ureteral orifice is anas- 
tomosed to the mucosa of the bowel with two 
continuous running sutures of No. oo000 chro- 
mic catgut, an atraumatic needle being used. 
Two sutures, each covering half the ellipse, 
are used rather than a single one in order to 
prevent a purse-string effect. After this has 
been done, the main portion of the anastomo- 
sis is complete (Fig. 10a, b, c). However, 
fixation sutures of fine black silk are then 
added to make certain that there will be no 
tension on the mucosal suture line. Inter- 
rupted arterial silk sutures are used in anas- 
tomosing the muscularis of the bladder to the 
muscularis of the bowel (Fig. tod). These 
sutures partially invert the ureteral orifice 
into its new position in the rectum. The same 
maneuver is carried out on the second side. 

After both sides have been transplanted, the 
closure is effected. It has been a temptation to 
remove the whole bladder at the first opera- 
tion. However, because primary healing and a 
good ureteral intestinal anastomosis are the 
chief aims, and since excision of the bladder is 
a secondary consideration at this point, the 
wound has been closed with the remaining 
bladder left in situ. 

This step is accomplished by approximating 
the remaining portions of the bladder in any 
fashion which easily produces a closure (Fig. 
11). No drains are used. Fine silver wire 
sutures have been used, although catgut or 
silk would be equally suitable. 

The rectum drops down slightly pulling the 
point of anastomosis below the intersymphy- 
seal band where it lies deep in the wound (Fig. 
11, top inset). This is almost a normal position 
for the trigone. A small mushroom catheter 
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Fig. 13. Postoperative intravenous urogram (11 months 
after operation—Case 1). 


is then introduced into the anus and, held in 
place by a black silk suture to the perineal 
skin, is left for drainage. 


POSTOPERATIVE COURSE 


With adequate supplements of fluids, and 
blood if necessary, the patients have excreted 
urine from the rectal catheter very shortly 
after it is in place. Blood chemistry has re- 
mained within normal limits (Table I). Peni- 
cillin and streptomycin have been used liber- 
ally during the postoperative period. There 
have been few postoperative difficulties. The 
sutures in the remaining exstrophic bladder 
have been removed on the roth or 11th post- 
operative day. Wounds have healed well. 


RESULTS 


Two cases of exstrophy treated in this way 
are reported here.' The first, a 15 month old 
Negro female, was operated March 20, 1950. 
The second, a 1o month old white boy, was 


1An additional case was done at the Columbia-Presbyterian 
Hospital, New York, in December, 1950. (Intravenous urogram, 
Fig. 15.) Another case was done at the Brady Urological Insti- 
tute, April, 1951. 
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Fig. 14. Postoperative intravenous urogram (9 months after operation—Case 2). 


done June 2, 1950. Both patients appear to be 
in good condition. The 11 month follow-up 
intravenous pyelograms in Case 1 (Fig. 13) 
show early bilateral ureteral dilatation, though 
her blood chemistry remains normal (Table I). 
Postoperative pyelograms in Case 2 (Fig. 14) 
show normal upper tracts, and blood chem- 
istry normal (Table I). Neither of these pa- 
tients has yet been followed for a sufficient 
time to justify unreserved optimism. How- 
ever, the immediate postoperative period has 
been smoother than that of most uretero- 
enterostomies done in children in the Brady 
Urological Institute by other techniques. This 
is particularly gratifying when it is noted that 
both ureters are transplanted at the same 
operation, a procedure considered hazardous 
when other techniques are employed.! 


i1Hutchins and Hutchins report, in personal communication, 
that several of their patients followed for many years after 
Bergenhem’s operation have led remarkably normal lives. They 
mention particularly a 19 year old man who was followed for 30 
years after this type of operation. He lived a normal married life 
and became a professional dancer on the stage. He died from 
causes not related to the split trigonal transplant, and the urinary 
tract was entirely normal. 


Each of these patients has also suffered pre- 
operatively from prolapse of the rectum (Fig. 
12), an associated anomaly described by oth- 
ers (15). Apparently this operation, by pro- 
ducing scarring in the region of the lower 
rectum, which is pulled upward during the 
procedure, acts as an efficient way of dealing 
with the prolapse. Both of these patients have 
been cured of their prolapse by the operation. 

It is interesting to observe the postoperative 
voiding habits. The rectum frequently fills 
with urine which is almost clear and which the 
patient ‘“‘voids” intermittently quite sepa- 
rately from stools. The stools however are, of 
course, watery. On one occasion postopera- 
tively the female patient was proctoscoped 
after injection of indigocarmine. Under direct 
vision it was possible to see the ureteral ori- 
fices, in their new position, spurting urine into 
the bowel. The spurts of. urine were inter- 
mittent and ‘“‘normal” in appearance. 

In each case the patients have returned at 
later dates for surgical removal of the remain- 
ing exstrophied bladder which has been a 
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Fig. 15. Postoperative intravenous urogram (3 months 
after operation—in the case done at Columbia-Presbyte- 
rian Hospital). 


minor procedure. Further repair of the epispa- 
dias is to be performed at a later stage. 

In the case of the female infant, the whole 
operation of ureteral orifice transplantation 
was done without disturbing the normal posi- 
tion of the uterus although, of course, it lay 
very near to the field of operation. The possi- 
bility of later difficulties due to salpingitis or 
uterine disease including pregnancy has sug- 
gested that it may be better to perform hyster- 
ectomy and salpingectomy in the case of 
female infants with exstrophy. 

Diversion of the fecal stream in order to 
diminish ascending infection by the use of an 
excluded portion of the intestinal tract—as 
outlined and reviewed by Hinman and Wey- 
rauch in their careful study of the different 
principles of surgery involved in uretero-en- 
terostomies—has not been deemed necessary 
in these cases. Neither of these patients has 
developed upper urinary tract infection. 
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SUMMARY 


Surgical treatment of bladder exstrophy by 
extraperitoneal transplantation of the divided 
trigone into the terminal rectum is revived. 
The procedure first described by Bergenhem 
is modified in the light of present-day experi- 
ence as follows: 

1. Present-day techniques of preoperative 
bowel preparation are used to the utmost to 
aid in combatting infection. Modern anti- 
biotics are freely used during the critical post- 
operative period. 

2. On the basis of results of animal experi- 
ments with explantation of the divided tri- 
gone, the ureteral orifice and its button of 
mucosa are separated with a much larger cuff 
of bladder wall to insure maximal blood and 
nerve supply. 

3. A careful watertight approximation of 
bladder mucosa around the ureteral orifice to 
bowel mucosa is achieved by the use of con- 
tinuous sutures of fine catgut, the mucosa-to- 
mucosa principle. 

The advantages are: (1) extraperitoneal 
operation, (2) implant of the intact ureteral 
orifice, (3) preservation of normal vascular 
and nerve supply to the orifice, (4) application 
of the mucosa-to-mucosa principle, (5) low 
transplantation in the bowel, (6) ureters enter 
the bowel in a nearly straight line. 

The technique is described and illustrated 
in detail. The results in 2 recent cases, in 
which a complicating rectal prolapse was also 
successfully controlled by the operation, are 
reported favorably. 

It is concluded that the surgical principles 
of the operation are sound, that the operation 
is not difficult, and that present results war- 
rant further use of the method in cases of 
exstrophy of the bladder. 


REFERENCES 


. BERGENHEM, B. Ectopia vesicae et adenoma des- 
truens vesicae; exstirpation af blasan; implantation 
af ureterena i rectum. Eira, 1895, 19: 268-273. 

. Boyce, Witt1aM H. The absorption of certain con- 
stituents of urine from the large bowel of the experi- 
mental animal. J. Urol., Balt., 1951, 65: 241-261. 

. Idem. Quoted by Vest, S. A. The mechanism of acidosis 
following ureterosigmoidostomy. Urologists’ Corre- 
spondence Club Letter, Sept. 1, 1950. 

. Boyce, WitiiaM H., and Vest, S. A. The role of 
ammonia reabsorption in acid-base imbalance fol- 
lowing ureterosigmoidostomy. J. Urol., Balt., (to 
be published). 





342 


5- 


6. CorFEy, R. C 


SURGERY, GYNECOLOGY AND OBSTETRICS 


BucHANAN, J. J. Remote results of implantation of 
the ureters into the bowel for exstrophy; a considera- 
tion of the extraperitoneal method of Bergenhem. 
Surg. Gyn. Obst., 1909, 8: 146-155. 

Experimental transplantation of 
ureter in which a transfixion suture is used to com- 
plete the anastomosis. Northwest M:, 1930, 29: 
128-1309. 

Idem. Cystectomy with bilateral transplantation of 
the ureters in one operation; preliminary report of 5 
cases. Northwest M., 1930, 29: 443-450. 

Idem. Transplantation of the ureters for cancer of the 
bladder with cystectomy. Ann. Surg., 1930, 91: 
908-923. 

Idem. Production of aseptic uretero-enterostomy. 
J. Am. M. Ass., 1930, 94: 1748-1750. 


. CORDONNIER, JUSTIN J. Ureterosigmoid anastomosis. 


Surg. Gyn. Obst., 1949, 88: 441-446. 


. Idem. Ureterosigmoid anastomosis. J. Urol., Balt., 


1950, 63: 276-285. 


. COUNSELLER, Vircit S. Exstrophy of the bladder 


(editorial). Surg. Gyn. Obst., 1949, 88: 401-403. 


. Ferris, DEwarRD O., and ODEL, Howard M. Elec- 


trolyte pattern of the blood after bilateral uretero- 
sigmoidostomy. J. Am. M. Ass., 1950, 142: 634-640. 


. Frocks, R. H. Management of patients undergoing 


ureterointestinal anastomosis; preoperative, opera- 
tive and postoperative measures. J. Am. M. Ass., 
1949, 139: 626-628. 


. Goopwin, W. E., Harris, A. P., and Scott, W. W. 


Effects of peripheral stimuli on divided renal func- 
tion. Am. J. Physiol., Proc., 1950, 163: 715. 


. Harris, A. P., Goopwin, W. E., and Scott, W. W. 


Unpublished observations on cutaneous explanta- 
tion of the divided trigone in dogs and monkeys. 


. Harvarp, B. MARVIN, and THompson, GERSHOM J. 


Congenital exstrophy of the bladder; late results of 
treatment by the Coffey-Mayo method of uretero- 


. Hinman, FRANK. 


. Hutcuins, E. 


intestinal anastomosis. 
223-234. 


J. Urol., Balt., 1951, 65: 


34 
. Hiccrns, Cuartes C. Exstrophy of the bladder; re- 


view of 70 cases. J. Urol., Balt., 1950, 63: 852-857. 
The technic and late results of 
uretero-intestinal implantation, and cystectomy for 
cancer of the bladder—VII, congress of the inter- 
national society of urology, Sept., 1939. (Table I, 
p. 476.) 


. HiInMAN, FRANK, and WEyRAUCH, HENRY M., Jr. A 


critical study of the different principles of surgery 
which have been used in uretero-intestinal implanta- 
tion. Tr. Am. Ass. Genitourin. Surgeons, 1936, 
29: 15-156. 


. Hunner, Guy L. Transvaginal extraperitoneal ure- 


terorectal anastomosis; report of a case. J. Urol., 
Balt., 1938, 39: 343-358. 

., and Hutcuins, A. F. Exstrophy of 
bladder with successful transplantation of ureters 
into rectum; report of two cases. Surg. Gyn. Obst., 
1923, 36: 731-741. 


. Maypt, K. Ueber die radikaltherapie der Ectopia 


vesicae urinariae. Wien. med. Wschr., 1894, 
44: IIIZ-I115; 1169-1172; 1209-1210; 1256-1258; 
1297-1301. 


. Nespit, REED M. Ureterosigmoid anastomosis by 


direct elliptical connection; a preliminary report. 
J. Urol., Balt., 1949, 61: 728-734. 


. SHAw, E. C. Perineal and vaginal cystectomy with 


transplantation of the ureters. J. Urol., Balt., 1937, 
37: 850-857. 


. STEVENS, A. R. A study of exstrophy of the bladder 


with report of a case five years after implantation of 
the ureters into the rectum. Surg. Gyn. Obst., 1916, 
23: 702-708. 


. Wotrr, Hersert D., Jr. Transvaginal ureterorectal 


anastomosis with partial cystectomy; case report. 
J. Urol., Balt., 1948, 59: 182-192. 





THE ADMINISTRATION OF HEPARIN 


IVAN F. DUFF, M.D., JAMES W. LINMAN, M.D., and ROBERTA BIRCH, 
Ann Arbor, Michigan 


EPARIN and dicumarol are widely 

used in the treatment of thrombo- 

embolism. Numerous reports es- 

tablish their value in reducing the 
incidence and mortality of intravascular clot- 
‘ing and its frequent serious sequelae. The 
iwo drugs are of equal effectiveness, but dif- 
‘erences in administration, mode of action, and 
methods of control are of considerable practi- 
cal importance. Dicumarol may be adminis- 
tered only orally, whereas heparin can be 
given only parenterally. The desired altera- 
tion of the clotting mechanism is obtained 24 
to 72 hours following the administration of di- 
cumarol, while heparin achieves this effect at 
once. 

The return of the clotting mechanism to nor- 
mal following discontinuance of the two medi- 
cations is also delayed in the former and rapid 
in the latter. The control required when dicu- 
marol is being administered consists of daily 
laboratory determinations of the prothrombin 
concentration. Competently performed pro- 
thrombin determinations are not always 
available and without these dicumarol is con- 
traindicated. The action of heparin in con- 
trast can be followed by simply-performed 
clotting time determinations at the bedside. 
This advantage in addition to its rapid action 
may determine heparin to be the anticoagu- 
lant of choice. Unfortunately there is confu- 
sion as to how it may be most effectively ad- 
ministered. This article attempts in some de- 
tail to clarify the practical problems frequent- 
ly encountered in its use. No attempt will be 
made to review the historical background of 
heparin. Detailed reviews of its chemical and 
physiological properties may be found else- 


where (7,19,35)- 
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HEPARIN CONTRAINDICATIONS 


Although the contraindications to the use of 
heparin are sometimes minimized (4,11), we 
prefer to recognize some reservations in the 
administration of so potent a drug. It should 
be used with caution, if at all, in the presence 
of threatened abortions, potential hemorrhagic 
diatheses, increased capillary fragility, sus- 
pected intracranial hemorrhage, and actual or 
potential bleeding from inaccessible ulcerative 
lesions, particularly of the gastrointestinal 
tract. We prefer not to employ heparin in pa- 
tients with subacute bacterial endocarditis al- 
though development of an acute venous 
thrombosis, with or without pulmonary in- 
farction, in such a patient may warrant con- 
sideration of its use. Since heparin, to some 
extent, appears to be excreted in the urine 
(17), the possibility of increased sensitivity 
may be anticipated if urinary output is de- 
creased. On the basis of the heparin tolerance 
test, increased sensitivity to heparin is report- 
ed (12) in the young, in shock, and in liver 
disease. Though caution has been advised in 
the administration of heparin to patients after 
an operation on the biliary tract, Cosgriff has 
given it to patients with T-tube biliary drain- 
age, Miller-Abbott tubes, indwelling catheters 
and open granulating wounds. Menstrual and 
puerperal bleeding (3), and bleeding from 
renal and pulmonary infarcts are not in them- 
selves contraindications. We have given 
heparin to a patient with acute hemorrhagic 
nephritis during which the hematuria actually 
diminished. Existing traumatic hematomas 
are not enlarged during heparin therapy (4). 


HEPARIN INDICATIONS 


With caution, heparin may sometimes be 
employed when dicumarol is ill-advised. Cer- 
tain circumstances, as for instance, advanced 
age, severe liver disease, congestive heart fail- 
ure, and, in our experience, severe alkalosis or 
acidosis favor increased sensitivity to dicuma- 
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rol. Recent operations, as on the brain, spinal 
cord, eye, or cardiovascular system, call for 
caution with dicumarol since, in the event of 
bleeding, reversal of its effects may take con- 
siderable time. One may justifiably hesitate 
to prescribe dicumarol for a patient with 
thromboembolism, who previously has bled 
from this anticoagulant. Patients within a 
month of estimated date of delivery and the 
nursing mother are usually added to this list 
(21). Heparin does not appear to affect nurs- 
ing infants (10). In an occasional patient 
venipuncture may be too difficult to permit 
obtaining of blood for daily prothrombin test- 
ing. In any of these circumstances cautious 
heparinization may prove of great service, 
especially since its effect may be immediately 
reversed by protamine sulfate. 

The problem of thromboembolism is espe- 
cially pressing in patients treated in the home 
or in small hospitals. Here, lacking depend- 
able laboratory control, the use of dicumarol 
is too hazardous to be considered. Efficient 
administration of heparin by continuous in- 
travenous infusion or by intermittent or sub- 
cutaneous injection is not impossible in small 
hospitals. These methods are almost impossi- 
ble to carry out effectually in the home, where 
the need is for a safe and dependable anti- 
coagulant preparation which can be more con- 
veniently administered. It now appears en- 
tirely possible to administer efficiently the 
long-acting depository preparations of heparin 
under circumstances which would otherwise 
deny the benefits of anticoagulant therapy. 

There exists a large group of patients in 
whom, if laboratory facilities permit, the com- 
bined use of dicumarol and heparin is benefi- 
cial, practical, and economical. The immedi- 
ate anticoagulant effect of heparin is valuable 
in patients critically ill with a pulmonary or 
myocardial infarction and is of great import- 
ance in the successful treatment of peripheral 
arterial occlusions. Others (3) have empha- 
sized the rapid clinical improvement in pa- 
tients with venous thrombosis once the effect 
of heparin has been obtained. Early heparini- 
zation in these patients actually diminishes 
the duration of anticoagulant therapy. In 
these or similar circumstances, dicumarol is 
commonly administered with heparin, which 
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is then discontinued when therapeutic reduc- 
tion of the prothrombin concentration has 
been obtained by dicumarol. In the com- 
bined use of these drugs it is well to keep three 
points in mind. (1) An appreciable number of 
hours may be required before the clotting 
time is efficiently prolonged by a continuous 
infusion of heparin or after the initial dose of 
depository heparin. In emergency situations 
a “priming” effect by the administration of 50 
to 75 milligrams of aqueous heparin into the 
infusion tubing or into a vein may be indi- 
cated. (2) Again, it should be recalled that 
heparin, if present in sufficient quantity, pro- 
longs not only the Lee and White clotting 
time but also the prothrombin time (Fig. 1). 
To avoid this occurrence, blood obtained for 
the prothrombin test upon which the dosage 
of dicumarol is to be based should be drawn 4 
to 6 hours after the last dose of intravenous 
heparin, at a time when the Lee and White 
clotting time has reverted to normal. In the 
event the special depository forms of heparin 
are employed, blood drawn 24 hours later, 
which time will usually coincide with return of 
the clotting value to the normal range, is gen- 
erally suitable for prothrombin testing. (3) 
Finally, as prothrombin activity of plasma is 
depleted by dicumarol (concentration of 30 
per cent or less) heparin requirements may 
diminish. 

The question of how soon heparin may be 
safely administered after an operation often 
arises. If there is no reason to suspect poor 
hemostasis, and if special indications exist, it 
may be started 3 to 6 hours after an operation; 
otherwise 24 hours would seem a reasonable 
period to delay its use. Meticulous hemosta- 
sis must be observed if it is employed during 
or after blood vessel surgery. It appears pref- 
erable, under these circumstances, to ad- 
minister heparin in such a manner as to avoid 
drastic effects on the clotting time. In any 
event the patient should be followed closely 
for signs of internal and external bleeding. 


UNTOWARD REACTIONS TO HEPARIN 


The incidence of bleeding associated with 
heparin is considerably less than with dicu- 
marol. The rate of hemorrhagic complications 
(wound hemorrhage, gross hematuria, and 
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cerebral hemorrhage) with heparin, although 
varying from o to 12 per cent, appears to be 
about 1 per cent.’ Out of 209 cases of deep leg 
thrombosis treated with heparin in Sweden 
(4) there were 3 cases of mild hematuria and 
2 cases of bleeding into knee joints upon 
which previous surgical procedures had been 
carried out. Death on the basis of these com- 
plications from heparin is very infrequent. In 
the University Hospital, 1 death from exten- 
sive, postoperative intraperitoneal and retro- 
peritoneal hemorrhage occurred several years 
ago in association with regional and systemic 
heparinization following an embolectomy and 
attempted sympathectomy. In a second pa- 
tient, who recovered, extensive retroperitoneal 
hemorrhage, associated with systemic hepari- 
nization, occurred following an embolectomy. 
Similar experiences are recorded in the early 
heparin literature (34). In the series of 80 pa- 
tients to be described, who were treated with 
depository heparin, there were 2 instances of 
bleeding. Vaginal bleeding occurred in 1 pa- 
tient, treated for a venous thrombosis with 
depo-heparin 16 days after a hysterectomy. 
The second individual, with a venous throm- 
bosis occurring 9 days after a transurethral 
resection, developed gross hematuria in asso- 
ciation with prolongation of the clotting time 
by depo-heparin. Both of these individuals re- 
covered. On the basis of this experience, we 
caution that the danger of heparin-induced 
bleeding should not be minimized, especially 
when the drug is employed in postoperative 
patients. 

We have observed febrile reactions in 2 pa- 
tients after the injection of highly purified 
preparations of heparin. Another report (10) 
describes 4 such reactions, which disappeared 
after discontinuation of the drug. Hypersen- 
sitivity or anaphylactoid reactions to heparin 
are rare. They were not encountered in a 
large series of patients treated by Murray 
(31). In Sweden (20) 4 instances of true ana- 
phylactoid reactions have been reported out 
of many thousands of injections. Cosgriff has 
reported 2 patients who, within a few minutes 
following an injection of sodium heparin, com- 
plained of sneezing, rhinitis, conjunctivitis 


1In contrast to the overall incidence of 8.3 per cent bleeding 
due to dicumarol (1). 
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Fig. 1. Effect of intravenous heparin (organon, 100 
mgm.) on clotting time (Lee and White) and prothrombin 
concentration (Quick). Note the simultaneous fall in pro- 
thrombin concentration (increase in “prothrombin time’’) 
associated with prolongation of clotting time by heparin. 
As the heparin effect disappears the prothrombin concen- 
tration rises to normal (“prothrombin time” decreases). 


and lacrimation, relieved by pyribenzamine. 
Neither had previously received heparin. One 
of these individuals experienced significant 
difficulty in expiration and precordial tight- 
ness not controlled by antihistaminics (10). 
Grolnich and Loewe have described fever and 
urticaria in a patient with subacute bacterial 
endocarditis receiving combined heparin and 
penicillin. Penicillin did not appear to be im- 
plicated. They found it impossible to deter- 
mine whether the protein fraction of the solu- 
tion or the heparin itself was responsible (15). 
Chernoff has recently reported 3 cases of 
probable allergic reaction to heparin. One pa- 
tient exhibited urticaria and 2 had anaphylac- 
toid reactions. In 1 patient, never before hav- 
ing received heparin, near fatal symptoms oc- 
curred about 1 minute after the intravenous 
injection of 50 milligrams. No decision was 
possible as to whether the reaction was caused 
by sensitivity to heparin or to contaminating 
proteins in the extract (9). Avoidance of 
allergic reactions through preliminary sensi- 
tivity testing has been advised in patients 
known to have previously received this foreign 
protein. No precise information is available 
as to whether desensitization to heparin may 
be achieved. 


AVAILABLE HEPARIN PREPARATIONS 


Heparin is administered parenterally; sodi- 
um salts in isotonic salt solution are generally 
employed. The content of heparin is usually 
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expressed as milligrams or international units 
per cubic centimeter (1 mgm. containing 100 
I. U.); the preparations employed by Swedish 
investigators are less concentrated (1 mgm. 
containing 80 I. U.). Aqueous sodium heparin 
is dispensed in varying concentrations: 10, 50, 
or too milligrams per cubic centimeter. All 
dilutions may be given intravenously; the 
more concentrated products, because of their 
minimal bulk, are preferable for subcutaneous 
or intramuscular use. Concentrated sodium 
heparins, incorporated into special media to 
retard absorption and prolong the anticoagu- 
lant effect, are also available for subcutaneous 
or intramuscular injection; these cannot be 
given intravenously. In our experience the 
amount of heparin required in a 24 hour period 
for effective prolongation of the clotting time 
is about the same regardless of the mode of 
administration. The cost of effective hepa- 
rinization, at current prices, will vary from 
approximately 7 to 14 dollars per day. To 
this must be added the intravenous fluids, 
laboratory procedures, and the physician’s 
fee, all of which may make the cost of pro- 
longed heparin therapy prohibitive (1). Caron- 
amide, administered in conjunction with 
heparin, is reported to enhance the response 
to the anticoagulant (28). 


MEASUREMENT OF THE EFFECT OF HEPARIN 


The action of heparin is reflected in pro- 
longation of the blood clotting time. The 
effect upon capillary and venous blood has 
been compared by others (6,12,27). Because 
of greater sensitivity, the Lee and White test 
utilizing venous blood is generally preferred to 
govern the administration of heparin. We 
have employed a modification of this tech- 
nique which is simple and if done with a mini- 
mum of care adequately reflects the effect of 
heparin. We can make no comment regarding 
the reliability of utilizing but 1 tube in the 
performance of the test. Loewe, in his modifi- 
cation of the Lee and White technique, utilizes 
4 tubes which, he emphasizes, should not be 
shaken after sedimentation of the blood; each 
tube, once it is disturbed, is discarded; the 
end-point is read in the layer of red cells. He 
prefers that all glassware, syringes, and nee- 
dles be absolutely dry (24). 
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MODIFIED LEE AND WHITE TEST FOR DETER- 
MINATION OF THE BLOOD CLOTTING TIME 


Equipment. Two clean 75 by 8 millimeter (inside 
diameter) test tubes. Sterile 5 or 10 milliliter 
syringe; sharp No. 21 needle. The same sized tube 
should be used for all tests; the larger the tube, the 
longer the coagulation time will be. 

Procedure. Rinse syringe and tubes with physio- 
logical saline. Withdraw 6 milliliters of blood, 
noting the time at which blood first appears in the 
syringe as accurately as possible (a stop watch is 
helpful). Remove the needle; gently place 2 milli- 
liters of blood in each of the tubes. Wait 3 minutes, 
then gently tilt one tube every 30 seconds until it can 
be inverted; avoid dislodging an incipient clot. 
Continue with the second tube; the time at which it 
can be inverted without disturbing the surface con- 
tour is the end point. 

Precautions. Minimal stasis and clean venipunc- 
tures are essential. If difficulty is encountered, an- 
other needle and syringe and different vein should be 
employed. By tight adaptation of the needle to the 
syringe and by discarding the last fraction of the 
sample, the accelerating effect of air bubbles and 
tissue juices on the coagulation time is minimized. 
If the test is done at room temperature of 65 to 95 
degrees F., the minimal error due to temperature 
variation may be avoided. Rapid sedimentation of 
the blood, associated with the presence of heparin, 
may require redistribution of the blood cells through 
the plasma of the second tube when it is first tilted. 

Standard. The normal clotting time (40 subjects) 
varies from 8 to 14 minutes (average: 10.5 min.). 


It is desirable, in initiating combined dicu- 
marol and heparin, to obtain a pretreatment 
prothrombin and Lee and White clotting time. 
If the same venipuncture is to be used for hep- 
arin, in the interest of a normal pretreatment 
clotting and prothrombin time the needle must 
not have been contaminated by heparin! 


CONTROVERSY AS TO THE MODE AND ADMINIS- 
TRATION AND CONTROL OF HEPARINIZATION 


There are sharply contrasting opinions as to 
the most desirable method of administering 
heparin. These are closely allied to conflicting 
views as to what constitutes an adequate ther- 
apeutic effect from the drug and whether this 
need be determined and controlled by clotting 
time determinations.! Murray, Best, and asso- 


1De Takats has recently (Angiology, 1950, 1: 31 7-333) des- 
cribed a heparin-sensitized clotting test on the basis of which he 
recommends a new approach to heparin’administration. “In the 
past, heparin was given with the idea that the clotting time had to 
be prolonged from two to three times the normal. I do not believe 
that to be true; in my opinion, if the clotting time can be brought 
back to the normal level, enough heparin has been given” (J. Am. 
M. Ass., 1950, 144: 831-834). 
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ciates, by the continuous intravenous admin- 
istration of heparin to dogs, prevented the 
formation of thrombi on the intimal surface of 
veins which had been previously injured; they 
found it unnecessary to render the blood 
completely incoagulable in order to prevent 
intravascular clotting (8,29). Murray, in par- 
ticular, has stressed application of an original 
anticoagulant principle when heparin is used: 
“’.. it must be carried to the point where the 
clotting time of the patient is kept at or about 
15 minutes. ... It is no use whatever to give 
heparin blindly and not know that the effect 
is being obtained. Since the dose is variable 
for the individual, the only safe way to be sure 
of this effect is to do clotting times at short 
intervals” (31). 

The disadvantages of the continuous infu- 
sion method of administering heparin, as pre- 
ferred by Murray, have been particularly em- 
phasized by Scandinavian investigators (6, 
11). They recommend the intermittent, intra- 
venous injection of heparin, in doses varying 
from 50 to 150 milligrams. Doses of this mag- 
nitude produce an initial, marked prolonga- 
tion of the clotting time which, in varying 
periods of time, return to the normal value. 
This picket-fence type of effect, then, is in 
direct contrast to the more moderate and 
evenly sustained type of coagulogram possible 
through the continuous infusion of heparin 
into a vein. Bauer is of the opinion that the 
existence of these peaks does not seem to con- 
stitute any danger to the patient and that, as 
a matter of fact, they are actually desirable 
(5). The importance of the fall of the curve 
toward normal levels at the end of the inter- 
vals between injections of heparin is disputed. 
In Bauer’s opinion: ‘‘Considerable experience 
has shown... that it does not matter. For 
this reason it is not necessary to follow the 
coagulation time” (6). ‘They serve no pur- 
pose... their omission was not, as far as we 
are aware, the cause of overdosage of hepa- 
rin” (5). Jorpes omits clotting time deter- 
minations “except in special cases, e.g., elderly 
people with impaired renal function” (11). 
With regard to intravenous injection of hepa- 
rin Murray writes: “... intermittent injec- 
tions two or three times a day are impractica- 
ble, because to make the effect of heparin last 
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a few hours so much must be given that the 
clotting time is elevated to several hours 
which, of course, is undesirable and might be 
dangerous” (30). 

Many clinicians prefer to administer hepa- 
rin subcutaneously or intramuscularly. Loewe, 
employing heparin in Pitkin menstruum, ad- 
vises: ‘‘As a general rule for effective heparini- 
zation the blood coagulation time should not 
be less than three times the control clotting 
time, i.e., 30 to 45 minutes as contrasted with 
a control time of 9 to 15 minutes. .. . the pa- 
tient’s coagulation time should be determined 
before heparinization for control purposes, 
after which the coagulation time should be 
estimated daily...” (24). “... excessively 
high coagulation times—over an hour—are 
unnecessary and indicate waste of the anti- 
coagulant drug” (26). 

In our opinion decision as to the method of 
heparin administration should be made on the 
basis of attending circumstances. Although 
the hazard of heparin, under usual conditions, 
appears to have been exaggerated, we believe 
that its blind administration without clotting 
time determinations is an unwise routine pro- 
cedure. Indications for its use imply a situa- 
tion sufficiently grave to warrant assurance 
that an adequate effect is being obtained, 
which can be done with appropriately timed 
determinations of the clotting values. They 
are essential to control effectively a continu- 
ous intravenous infusion of heparin; they are 
essential for effective treatment with deposi- 
tory heparin. In selected patients intermit- 
tent injections of heparin may be given safely 
and efficiently without clotting t me control. 
If one wishes to obtain a sustained heparin ac- 
tion by this method, performance of clotting 
time determinations would appear necessary 
to avoid an excessive effect. 

Under ordinary circumstances we consider 
prolongation of the clotting time to twice the 
pretreatment value as constituting a real and 
still moderate effect from the drug. Under 
special circumstances a less drastic but no less 
a definite, effect may be desirable. Although 
we would personally prefer the more physio- 
logical effect of a moderately sustained clot- 
ting time elevation, it is our experience that 
unless meticulous attention is paid to perti- 
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Fig. 2. Effect produced in normal subject by a continu- 
ous intravenous infusion of heparin (organon, 10 mgm./ml.) 
(Toronto method). Note the time required to produce 
therapeutic prolongation of the clotting time (2 times the 
pretreatment time) and its relatively rapid return to nor- 
mal after the infusion was stopped. 


nent details, an irregular effect on the clotting 
time is the general rule by all methods of hepa- 
rin administration. In the ordinary case of 
thromboembolism existing evidence does not 
appear to substantiate the salutary effects of 
a sustained action over the picket-fence type 
of curve produced by intermittent intravenous 
therapy. It has been our experience that effec- 
tive heparin dosage, whether for therapeutic 
or prophylactic purposes, has been the same. 

The continuous intravenous infusion method 
(Toronto method). Murray, in particular, has 
championed the continuous intravenous infu- 
sion method of administering heparin (31). A 
variable quantity of the drug (from 100 to 200 
mgm.) is mixed with 1,000 cubic centimeters 
of glucose or saline. This is administered 
until there is a measurable increase in the 
clotting time, tests being done every 2 to 3 
hours until the rise is detected. The infusion 
is then slowed down to about 20 drops a min- 
ute, adjusted according to the effect on the 
clotting time, and checked thereafter about 
twice a day. Clotting time values are usually 
prolonged from 15 minutes to under 30 min- 
utes, although some (32) advocate values pro- 
longed to three times the normal figure. In 
our experience controlling the rate of flow of 
the mixture to 20 to 25 drops per minute pro- 
longs administration of 1,000 cubic centime- 
ters to about 24 hours. 

Figure 2 illustrates the effect on the clotting 
mechanism as obtained by this method of hep- 
arin administration. Several points are of 
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interest. To obtain an adequate prolongation 
of the clotting time (twice the pretreatment 
value) in our experience larger amounts of 
heparin are usually required (from 200 to 300 
mgm. in 1,000 c.c. of solution). After the 
infusion is started, an appreciable period may 
be required before adequate prolongation of 
the clotting time occurs. It is in this period 
that it may sometimes be desirable to hasten 
the effect by ‘“‘priming” the infusion through 
injection of 50 to 100 milligrams of heparin 
into the rubber tubing (1). Once the desired 
elevation of clotting time is obtained, and if 
the speed of flow is carefully controlled, this 
method lends itself to fine control (Fig. 2) of 
the clotting time and appears to be the most 
physiologic method of a steady supply of the 
anticoagulant (12). Under circumstances de- 
manding a moderate but controlled alteration 
of the clotting time this is one of the choice 
methods of heparin administration. A further 
desirable feature is the rapid return of the 
clotting time to the normal range after the in- 
fusion is stopped, within an hour if the clotting 
time has been previously elevated to around 
15 minutes. : 

This method also has its disadvantages. 
Since a change in rate of flow is reflected in 
alterations of the clotting time, alert attention 
upon the part of the nursing staff is required. 
In the event dicumarol is administered, a 
period of usually 40 to 72 hours of hepariniza- 
tion may be required before a therapeutic 
effect on prothrombin activity is achieved. In 
a restless and apprehensive patient the fatigue 
associated with a continuous intravenous infu- 
sion may become considerable. In some pa- 
tients the administration of such a volume of 
fluid, as in cardiac failure, may be unwise. 
The cumbersome apparatus required for the 
treatment, in most instances, immobilizes an 
extremity and may delay ambulation of the 
patient for an appreciable period of time. 
Notwithstanding these objections, heparin has 
been administered by this method for days 
and weeks, leaving the steel needle in place 
without plugging or the development of local 
phlebitis (31). In our experience, irritation 
about the needle, to the point of superficial 
thrombophlebitis, has sometimes required 
shifting it to another vein. As has been point- 
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ed out by others (6), in the event hepariniza- 
tion is contemplated on a large scale, the su- 
pervision of continuous intravenous infusions 
and the repeated blood examinations make 
this technique too laborious as soon as a large 
number of patients are heparinized. In small- 
er hospitals these handicaps become magni- 
fied. 

The intermittent (Swedish) method. The 
average duration and magnitude of the effect 
of varying, single does of heparin on the clot- 
ting time are of practical interest. The action 
of intravenous heparin is almost instantane- 
ous (Fig. 3). In individual instances, the 
maximum elevation of the clotting time a few 
minutes after the injection varies from 30 to 
47 minutes with doses at the 1o to 25 milli- 
gram level. Increasing the dose to 50 milli- 
grams produces a maximum effect of from 80 
to 150 minutes. The maximum effect achieved 
with 75 milligram doses varies from 120 to 210 
minutes. Commonly, blood drawn soon after 
doses of 100 to 150 milligrams remains inco- 
agulable at the end of 1 to 2 hours. With the 
larger doses of heparin, the maximum effect 
tends to be prolonged. It will be observed 
that a single 1o milligram dose exerts an effect 
on the clotting time for an average of about 40 
minutes; 25 milligrams prolongs the effect an 
average of 54 minutes; and 50 milligrams for 
2 to 3 hours. Increasing the dose to 75, 100, 
and 150 milligrams, on an average, effects the 
clotting time for about 3, 4, and 5 hours re- 
spectively. Similar data have recently been 
published by others (6). 

The Swedish clinicians commonly employ 
repeated intermittent injections of heparin 
directly into the vein in doses varying from 50 
to 150 milligrams or higher. It may be re- 
called that the strength of Swedish heparin is 
somewhat less than that currently employed 
in the United States. For prophylactic pur- 
poses Crafoord and Jorpes (11) advise repeated 
injections at 4 hour intervals, limited to 4 a 
day; the usual prophylactic dose being 50, 50, 
50, 100 milligrams, to a total of 250 milligrams 
per day. For therapeutic purposes larger 
doses, started at 8:00 a.m. and repeated at 4 
hour intervals through 8:00 p.m., are em- 
ployed, the first and last doses being some- 
what larger than the intervening doses. The 
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Fig. 3. Duration and magnitude of effect of various 
doses of intravenous heparin (organon, 10 mgm./m].) in 
normal subjects. Note that almost instantaneous prolon- 
gation of the clotting time is produced; blood drawn soon 
after doses of 100 to 150 milligrams may remain incoagul- 
able for several hours; dosages in the order of 50 milli- 
grams or more are required to produce an effect of prac- 
tical duration. 


usual dosage program varies as follows: utiliz- 
ing from 400 to 500 milligrams: 150, 75, 75, 
150 milligrams, or 125, 100, 100, 125 milli- 
grams. Later, as healing is evidenced, the 
injections are reduced to 3 (125, 100, 125), to 
2 (100, 125), and to 1 (100 or 125 mgm.) per 
day. Usually no heparin is given at night by 
this program. Bauer (6) has recently stated 
that “Intermittent injections, preferably 4 
times a day, probably constitute the best 
method since the highest peaks in the clotting 
time curve...” are thereby obtained. A 
schedule commonly utilized in the United 
States for therapeutic and prophylactic pur- 
poses is 50 milligrams every 4 hours or 100 
milligrams every 6 hours; differences in sensi- 
tivity to heparin are disregarded; clotting 
times not being performed (16). DeTakats 
has employed this method of heparinization 
extensively, giving from 50 to 150 milligrams 
3 to 6 times a day (12). Aggeler, on the basis 
of frequently repeated clotting time deter- 
minations, finds it is usually necessary to give 
20 to 40 milligrams at 2 to 4 hour intervals to 
prevent the coagulation time becoming at any 
time shorter than twice its normal value (1). 
Following surgery on the blood vessels, and 
particularly after a Blalock or Pott’s opera- 
tion on the great vessels of the heart, Murray 
advocates (31) an intermittent form of hepa- 
rin injection. Into the tubing of an intrave- 
nous infusion is injected a quantity of heparin 
every hour and a half. About 1 hour later the 
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Fig. 4. Effect of varying dosages of concentrated aque- 
ous heparin (100 mgm./ml.) given intramuscularly. Note 
the time required to produce therapeutic prolongation of 
the clotting time; prolongation up to 1 hour sometimes 
occurred. 


clotting time is determined, an elevation of 7 
or 8 minutes being desired. This method, in 
his opinion, is somewhat more safe since it 
avoids “the alarming effects on the clotting 
time” which may occur with an unpredictable 
change in rate of flow of a continuous intra- 
venous infusion. 

In our opinion the intermittent method of 
intravenous heparinization has certain disad- 
vantages. The frequency of venipunctures be- 
comes important, especially if one strives for 
adequate yet moderate and sustained pro- 
longation of the clotting time. In many insti- 
tutions, including our own, intravenous medi- 
cations are necessarily administered by physi- 
cians. Particularly on a busy service, with the 
staff physicians required at other tasks, hepa- 
rin administration by this method has tended 
to be erratic and thereby, one assumes, in- 
efficient. This consideration has inclined us to 
favor more convenient methods of administra- 
tion. We emphasize, however, that the direct 
injection of heparin into a vein is the proce- 
dure of choice when an immediate effect on 
the clotting time is indicated. There can be 
no doubt, moreover, of its effectiveness in the 
routine treatment and prevention of intra- 
muscular clotting as employed by many clini- 
cians. 


SUBCUTANEOUS OR INTRAMUSCULAR 
HEPARINIZATION 


With aqueous heparin preparations. The 
aqueous solutions of sodium heparin may be 
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given subcutaneously or intramuscularly; the 
concentrated preparations are more desirable 
for this purpose. The effect on the clotting 
time of varying single dosages (120 to 220 
mgm.) of concentrated aqueous heparin is 
illustrated in Figure 4. Although the average 
duration of effect is somewhat less, the general 
shape of the coagulograms is similar to those 
obtained with comparable doses of special 
depository heparin. Clotting time prolonga- 
tion up to 1 hour was obtained with these dos- 
ages. In Bauer’s experience! with intramuscu- 
lar aqueous heparin, doses at the level of 25 
milligrams have no effect; 50 milligrams alters 
the clotting time for 4 hours; 75 milligrams for 
about 4 hours; 100 milligrams for 5 to 6 hours; 
150 milligrams for 8 to 9 hours; and 200 milli- 
grams for 9 to 10 hours (6). Stats and Neuhof 
report prolongation of the clotting time within 
30 to 60 minutes after the initial injection; 
they report the greatest prolongation, at 4 to 
6 hours after an injection, to vary between 25 
to 60 minutes. In their dosage scheme, pa- 
tients weighing between 100 to 130 pounds re- 
ceive 100 milligrams every 8 hours or 120. to 
140 milligrams every 4 hours. Heavier pa- 
tients require more. Regardless of the pa- 
tient’s weight, they caution against doses in 
excess of 450 milligrams per day. 

Although our experience with the intra- 
muscular administration of aqueous heparin is 
limited, we have found that the subjective 
reaction produced is about the same as that 
observed with the special depository prepara- 
tions. Local ecchymoses at the site of injec- 
tion, although they occasionally occurred, 
were generally not troublesome. Bauer, how- 
ever, reports (6) the development of large 
gluteal hematomas in 7 out of 41 cases receiv- 
ing intramuscular aqueous heparin. With this 
preparation he records the occurrence of 1 
case of fatal pulmonary embolism; reactiva- 
tion or recurrences of thrombolic processes 
occurred in 7 of 16 cases so treated in contrast 
to a recurrence rate of 10 cases out of 351 re- 
ceiving intermittent intravenous heparin. He 
relates more satisfactory experience with in- 
travenous heparin to its marked effect on the 
coagulation time. Further disadvantages of 


1Coagulation times determined by method of Bergqvist (capil- 
lary blood on silicone-treated watch glass). 
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intramuscular heparin in his opinion include 
the associated discomfort and the larger total 
amounts of heparin required. In the event 
intravenous injections are impractical he con- 
cludes that the intramuscular administration 
of aqueous heparin may be satisfactory. 

Cosgriff describes an especially satisfactory 
method of administering concentrated aqueous 
heparin by intermittent subcutaneous injec- 
tion. From 25 to 50 milligrams is given initi- 
ally into a vein; 1 hour later 50 milligrams is 
injected deep into the subcutaneous tissues; 
every 3 hours thereafter, 30 milligrams is in- 
jected subcutaneously as the average main- 
tenance dose. Clotting time determinations 
are made from 2% to 3 hours after the third 
heparin injection and twice daily thereafter 
2% to 3 hours following a dose of heparin. By 
this procedure satisfactory continuous eleva- 
tion of the clotting time, at 20 to 40 minutes, 
is described in over g5 per cent of the patients. 
The technique does eliminate the excessive 
fluctuations of coagulation times encountered 
with repeated intravenous injection and al- 
lows for a more sustained effect. In Figure 5 
is presented the composite effect on the clot- 
ting times of 7 individuals treated in this man- 
ner. Our experience with this method of hepa- 
rin administration has been favorable. It has 
the practical advantage that having been 
started by a physician it may be continued by 
the nursing staff. Performance of clotting 
times is desirable in the interests of obtaining 
an adequate heparin effect, since in some indi- 
viduals the average maintenance dose has 
proved to be somewhat more than 30 milli- 
grams. Not uncommonly subcutaneous injec- 
tion of heparin is associated with local ecchy- 
moses and induration. 

With special depository heparin preparations. 
Two depository preparations designed to re- 
tard absorption and prolong the anticoagulant 
effect of heparin are available. They are of 
two types, “plain” or with added vasocon- 
strictors. Loewe (24, 26) and others (13) 
have described the action of sodium heparin 
incorporated with the Pitkin menstruum (gel- 
atin, glacial acetic acid, dextrose, water, 
chlorbutanol and eucupin dihydrochloride). 
The product is available in 2 cubic centimeter 
(200 mgm.) or 3 cubic centimeter (300 mgm.) 
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Fig. 5. Effect of subcutaneous concentrated aqueous 
heparin (100 mgm./ml.) after an initial “priming” intra- 
venous injection (Cosgriff method) in 7 patients (thrombo- 
embolism and normal subjects). The method avoids the 
excessive prolongation of the clotting time produced by 
intermittent intravenous heparin; ease of administration 
(nursing staff) is a practical advantage of this method of 
anticoagulant therapy. 


ampules; vasoconstrictors (optional) consist 
of ephedrine sulfate (12.5 to 8.3 mgm. per 
c.c.) and epinephrine hydrochloride (0.5 to 0.3 
mgm./c.c.). The viscosity of the menstruum, 
dependent on the concentration of gelatin 
and dextrose is said to determine the rate of 
liberation of water soluble drugs injected sub- 
cutaneously or intramuscularly. Loewe finds 
the anticoagulant action of heparin combined 
with vasoconstrictor drugs is, in general, more 
prolonged than the same amount of “plain” 
sodium heparin (24, 26). The second prepa- 
ration more recently entering the field is depo- 
heparin consisting of sodium heparin in gela- 
tin, dextrose, water, and a preservative (sodi- 
um ethyl mercuri thiosalicylate). Vasocon- 
strictors (optional) consist of ephedrine hy- 
drochloride (10 mgm./c.c.) and epinephrine 
hydrochloride (1 mgm./c.c.). The product is 
available in graduated 1 cubic centimeter 
cartridges (200 mgm. of sodium heparin) with 
a disposable syringe to facilitate injection and 
a glass tube of suitable size for determination 
of the clotting times. The initial recommended 
dosage for both preparations is based on body 
weight (300 mgm. if less than 130 to 150 
pounds; 400 milligrams if in excess of 150 
pounds). 

These preparations require liquefaction be- 
fore injection, achieved by a few minutes of 
agitation under running hot water. Vasocon- 
strictor preparations may require a somewhat 
longer period of heating and agitation. They 
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Fig. 6. Composite effect in 10 normal subjects of single 
intramuscular injections of heparin in Pitkin menstruum. 
Note the time required to produce therapeutic prolongation 
of the clotting time; the therapeutic effect was disappearing 
at the end of 24 hours; secondary prolongation of the 
clotting time (rebound phenomenon) was moderate. 


should be allowed to cool before adminis- 
tration. Loewe (24) prefers injection into 
the subcutaneous tissues, from which he re- 
ports less rapid absorption than from intra- 
muscular deposits. In general, we have pre- 
ferred deep intragluteal injection. If subse- 
quent injections are required, sites of previous 
administration should be avoided. Injections 
should not be made into an area affected by 
venous thrombosis. Caution is also advised 
in administering vasoconstrictor preparations 
to patients with arterial embolism or throm- 
bosis, hypertension, or to those with a myo- 
cardial infarction or angina pectoris. If con- 
tents of more than 1 ampule or cartridge are 
required they are injected into the same site 
with the same needle. Not more than 1 am- 
pule or cartridge containing vasoconstrictors, 
however, should be injected at one time. The 
preparations are not suitable for intravenous 
use. 

Opinion varies as to the painfulness of sub- 
cutaneous or intramuscularly deposited hepa- 
rin. Loewe (26) stated at an early date: ‘“‘The 
administration of subcutaneous heparin, Pit- 
kin menstruum is accompanied by a variable 
degree of fever, and pain, swelling, and tender- 
ness at the site of inoculation. This discom- 
fort .. . is usually not excessive...” It was 
ascribed to a precipitate formed by the com- 
bination of eucupine and heparin. More re- 
cently (24) he has stated that by careful buf- 
fering of the Pitkin menstruum ‘“‘the problem 
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of local pain has been overcome.” Evans and 
associates comment (14) in this regard at a 
still later date: “Up to the present we have 
not had the opportunity of using this allegedly 
more painless formula... Unless the produc- 
tion of pain can be overcome, protracted treat- 
ment with many injections will be limited.” 
In the experience of Hines and Barker: “The 
deposit of the material intramuscularly often 
causes mild to severe pain at the site of injec- 
tion.”’ Artz and associates (27) reported that 
deep subcutaneous injection of depo-heparin 
was not associated with pain, although slight 
aching discomfort was sometimes observed.’ 

In our experience (23) local discomfort of 24 
to 48 hours’ duration may occur after the in- 
jection of any of these preparations of heparin 
beneath the skin, whether superficial or deep 
in the subcutaneous tissues or muscle layers. 
Our limited experience indicates that hepa- 
rin in Pitkin menstruum may be poorly 
tolerated. More extensive use of depo-heparin 
indicates that local discomfort is also not un- 
common. This is usually controllable by sa- 
licylates or local heat. In some cases, how- 
ever, pain of an immediate burning and la- 
ter moderate to severe aching nature may be 
sufficient to produce limping in ambulatory 
subjects. An occasional patient may refuse 
to take subsequent injections. If the medica- 
tion is given superficially, especially into 
adipose tissues, induration with redness and 
increased heat may develop. It is our im- 
pression that the preparations containing 
vasoconstrictors are somewhat less well toler- 
ated. We have occasionally observed local 
ecchymoses at the injection site; bleeding has 
otherwise seldom occurred and no other impor- 
tant side effects have been observed beyond 
transitory nervousness, headache, and palpi- 
tation from the vasoconstrictors. 

The effect of heparin in Pitkin menstruum 
(200 mgm. of the “plain” preparation plus 
200 mgm. of that containing vasoconstrictors) 
in to individuals is illustrated in Figure 6. 
Effective elevations of the clotting times were 


consistently obtained after a variable period 
1Tuchman and Moolten (Am. J. M. Sc., 1950, 219: 147-151) 
have recently reported a favorable experience with hyaluroni- 
dase in preventing the pain of subcutaneous heparin injection. 
The absorption rate and coagulation time curves were almost 
identical with those produced by intermittent intravenous injec- 
tions of heparin at the same intervals and in similar dosage. 
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Fig. 7. The maximal effect in 22 normal individuals of single injections of depo- 
heparin. Doses of 100 milligrams or less were ineffective; doses of from 200 to 400 mil- 
hgrams were considerably more satisfactory in producing therapeutic prolongation of 


the clotting time (see text). 


(about 21% hours) from the time of injection; 
therapeutic levels were observed in about 5 
hours. The maximum effect, averaging about 
40 minutes, was observed about 19 hours after 
injection. Duration of satisfactory prolonga- 
tion of the clotting time (twice the pretreat- 
ment values) averaged about 19 hours. Sub- 
sequent to this some prolongation of the clot- 
ting times was evident for a variable period, 
but at values appreciably less than the thera- 
peutic range. In half of the cases the clotting 
time had returned to normal or near normal 
values in from 24 to 36 hours. Occasionally 
there was a moderate secondary rise lasting a 
variable period of time. In our experience 
the total effect was somewhat less than the 
average duration of 48 hours reported by 
Loewe (24) in go per cent of the subjects re- 
ceiving 300 milligram doses. Evans and Boller 
(13) reported an average duration of effect of 
41 hours when the preparations without 
vasoconstrictors were used; the addition of 
vasoconstrictors, in their experience, produced 
an effect which was prolonged over an av- 
erage of 61 hours. The beneficial effects of 
heparin in Pitkin menstruum are evident 
from the extensive experience of, these in- 
vestigators. 


Our principal experience has been with 
depo-heparin of which, preliminary to clinical 
trial, 47 injections were given to 22 normal 
subjects, averaging 40 years of age (15 to 65) 
and weighing an average of 153 pounds. 
These patients, volunteers from the General 
Medical Service, were without a known illness 
which might influence the effect of heparin. 
Their average pretreatment clotting time was 
10.5 minutes; values prolonged to twice this 
figure were regarded as constituting an ade- 
quate heparin effect. Clotting times were 
obtained at appropriate intervals subsequent 
to heparin administration until normal or 
near normal values were re-established. It is 
likely in some instances that the maximum 
heparin effect was missed; similarly secondary 
prolongation of the clotting time might have 
been detected, in some instances, had the 
tests been continued for longer periods. In 
this group (Fig. 7) single injections of heparin, 
in amounts varying from 50 to too milligrams, 
with and without vasoconstrictors, failed con- 
sistently to produce a satisfactory prolonga- 
tion of the clotting time in 4 subjects weighing 
an average of 132 pounds. Doses of 200 milli- 
grams achieved this goal in 6 of 8 subjects 
weighing an average of 131 pounds. In 10 
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Fig. 8. The effect in 10 normal subjects of single intramuscular injections of depo- 
heparin (200 mgm. plain and 200 mgm. with vasoconstrictors). Note (as in Fig. 9) 
the time required to produce therapeutic prolongation of the clotting time: an ap- 
preciable elevation is sometimes produced; the duration of an adequate effect was 
approximately 12 hours: some prolongation was evident for about 24 hours; moder- 
ate secondary prolongation (rebound phenomenon) sometimes occurred. 


subjects averaging 183 pounds single injec- 
tions of 400 milligrams consistently produced 
an adequate prolongation of the clotting time. 

On the basis of these data, it appears to us 
that the recommendations for initial dosages 
of depository heparin, based on body weight, 
are reasonable and practicable. It is empha- 
sized, however, that subsequent dosages must 
be adjusted on the basis of degree of clotting 
time prolongation, since the effect of a given 
dose of heparin is not invariably correlated 
with body weight. As a matter of experience 
the acceptable dose of depo-heparin will usu- 
ally be found to vary from 200 to 400 milli- 
grams irrespective of body weight. Figures 8 
and g demonstrate the individual and com- 
posite effect in normal subjects of 200 milli- 
grams of “plain” plus 200 milligrams of 
depo-heparin with vasoconstrictors. Figure 
10 illustrates the effect of 200 to 400 milli- 
gram dosages of depo-heparin, with and with- 
out vasoconstrictors, upon the composite 
coagulograms of subjects with thrombo- 
embolism. 

Several points of interest with regard to 
these data deserve emphasis. Irrespective of 
dosage, the measurable effect of heparin is 
delayed when introduced into the subcutane- 
ous or muscular tissues. Usually some pro- 


longation of the clotting time had occurred 
at the end of 1 to 2 hours, occasionally it was 
delayed beyond this time. 

Of more importance is the time required to 
obtain significant prolongation of the clotting 
time. In normal subjects there was a lapse 
of 3% to 534 hours between the initial dose 
of heparin and significant elevation of the 
clotting time. Since this delayed effect may 
be very important in the patient presenting 
an emergency state of thromboembolism, an 
initial supplementary intravenous injection of 
aqueous heparin (50 to 100 mgm.) to obtain 
an immediate effect may be advisable. 

Clotting times prolonged to 114 hours and 
longer have been produced by the injection of 
depo-heparin. Appearance of maximal effect 
ranged in general from 8 to 12 hours after the 
initial injection. This sometimes marked ef- 
fect on the clotting time is not only unpre- 
dictable, but is largely uncontrollable. Brief 
though it may be, prolongation of the clotting 
time to this magnitude may be undesirable in 
certain circumstances. 

Once obtained, the duration of adequate 
prolongation of the clotting time, following 
single 200 to 400 milligram doses of depo- 
heparin, varied considerably in “normal” 
subjects, ranging from 4 to 18 hours, with an 
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average duration of approximately 12 hours. 
Subsequent to this, the clotting time returned 
to normal at varying times. Some prolonga- 
tion, but less than the therapeutic effect, was 
usually evident for about 24 hours; in only a 
few instances did this exceed 36 hours. 

It will be observed (Figs. 9 and 10) that the 
general shape of the coagulograms (composite 
curves) obtained in “normal” subjects and in 
patients with thromboembolism is the same. 
De Takats on the other hand observed that 
in normal individuals the clotting time was 
affected by depo-heparin for from 22 to 36 
hours, but that in the presence of thrombosis 
the duration of effect (214 to 3 times the base 
level) varied a great deal. The rebound 
phenomenon, which we observed in normal 
subjects receiving the vasoconstrictor prep- 
aration of heparin in Pitkin menstruum, was 
not as obvious after depo-heparin. This 
phenomenon is especially obvious in patients 
with active thrombosis according to de Takats. 
In Figure 11 is illustrated, in the normal indi- 
vidual, the effect of the same dosage of depo- 
heparin, with and without vasoconstrictors. 
Addition of the vasoconstrictors appears to 
delay, as well as to modify, the effect on the 
clotting time in normal individuals and pa- 
tients with thromboembolism (Fig. 14). In 
our hands, their incorporation has not ap- 
peared to prolong appreciably the duration of 
the heparin effect. This is in contrast to the 
experience of Artz (21), namely, that by the 
incorporation of vasoconstrictors (depo-hepa- 
rin) the coagulation time could be kept in the 
average patient at a therapeutic level for 30 
hours. 


HEPARIN RESISTANCE 


Resistance to heparin is an interesting phe- 
nomenon occurring sometimes in “normal”’ 
individuals and, more importantly, in pa- 
tients with thromboembolism. Recognition 
of variation in response to heparin, especially 
as postoperative healing takes place, is 
stressed by Murray (31) as cause for per- 
formance of clotting times. By the use of the 
heparin tolerance test (one sample of blood 
before and one 10 minutes after an intrave- 
nous injection of 10 mgm. of heparin) de 
Takats reported that of 97 normal persons 
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Fig. 9. Composite effect of intramuscular injection of 
depo-heparin in 23 normal subjects. (See legend for Fig. 8.) 


tested, 46 were hyporeactors, 31 were hyper- 
reactors, and 20 mean-reactors. Hyperre- 
actors were less commonly seen in patient 
material. Although absolute lack of response 
to this dosage was not observed, he stated 
that ‘complete resistance may be encountered 
in pathological states,” including acute throm- 
bosis. We have not yet encountered a patient 
with thromboembolism in whom we were cer- 
tain complete resistance to intravenous hepa- 
rin existed. 

Increased resistance to depository heparin 
appears to be more common. In this regard 
Loewe reported (24): “In actual practice it 
will be found that a conventional dose of 300 
milligrams of heparin will suffice for about 90 
per cent of subjects who are normal reactors. 
The remaining to per cent are either hyper- 
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Fig. 10. Comparison of the effect of equal doses of depo- 
heparin, with and without vasoconstrictors, in patients 
with thromboembolism. The addition of vasoconstrictors 
appears to modify the magnitude of clotting time prolonga- 
tion; the duration of the heparin effect is essentially un- 
altered. 
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Fig. 11. Effect, in a normal individual, of a single dose of depo-heparin, with and 
without vasoconstrictors. The vasoconstrictors appear to delay as well as to modify 
the heparin effect: they did not noticeably increase the duration of its action. 


reactors or hyporeactors, requiring 200 or 
400 milligram dosages, respectively. . . . there 
is apparently a direct relationship between 
the mass and extent of thrombosis and the 
degree of response to heparin.”” With depo- 
heparin, Artz (2) found that “if a very severe 
and extensive thrombosis is encountered, more 
than the usual 400 milligram dose must be 
employed to insure maximum benefit.”” Bauer 
has recently (6) reported that intramuscular 
aqueous heparin (150 mgm. three times a day) 
‘«, . does not have the same immediate and 
satisfactory influence upon the thrombotic 
process as if the same dose is given in inter- 
mittent intravenous injection.” 

In our experience in normal individuals 
(Fig. 7) there were only 2 who could be classi- 
fied as hyporeactors and who failed to respond 
to adequate doses (on the basis of body 
weight) of the special depository forms of 
heparin. We have encountered but 1 indi- 
vidual whom we would classify as a hyper- 
reactor. 

To date, the special depository forms of 
heparin have been administered to a total of 
80 patients with thromboembolism. As far 
as is known, in 30, not closely followed by us, 
the effect upon the thrombotic process was 


satisfactory. In the remaining 50, receiving 
adequate doses of heparin, a satisfactory ef- 
fect, measured by carefully performed and 
strategically timed clotting tests, was ob- 
tained in 45 (go per cent); 5 (10 per cent) 
were resistant to these dosages. In the series 
of 50 patients, there were 7 deaths. Thrombo- 
embolism, in as far as is known, was not an 
immediate cause of death in 4 who had re- 
sponded in a satisfactory manner to heparin. 
Of 3 dying as the result of thromboembolism, 
the response of the clotting times to deposi- 
tory heparin was satisfactory in 1; the re- 
maining 2 deaths occurred in patients re- 
sistive to heparin (Cases 1, 2, and 3). There 
were, in addition, 3 other individuals in this 
series who made an uneventful recovery from 
thromboembolism despite resistiveness to de- 
pository heparin. Three of these individuals 
deserve special comment. 


CasE1. C.K., U. H.549459, a 31 year old woman, 
at the age of 27 (1944), 5 days after delivery of a 
stillborn (her fourth child), developed a venous 
thrombosis for which the left profunda femoris was 
ligated. Subsequent to the birth of her fifth living 
child (1945) exacerbation of the thrombotic process 
did not apparently occur. In 1948, 6 days after the 
delivery of a sixth child, the thrombotic process in 
the left leg recurred for which she was treated with 
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dicumarol. Subsequent to this, intermittent exacer- 
bations of varicose ulcers occurred. She was last 
admitted to the University Hospital on July 26, 
1949, being shortly delivered of her seventh baby. 
Two days later she developed acute thrombophle- 
bitis, again in the left lower extremity. On August 3 
she experienced a massive pulmonary infarction. On 
that date, having determined that her pretreatment 
clotting time was 12 minutes, 400 milligrams of 
depo-heparin was given. The response of her coagu- 
lation time to this and subsequent dosages, despite a 
large total dosage of heparin (2,200 mgm.) in the 
succeeding 6 days, never exceeded 24 minutes. Her 
clinical course, in this period, on the basis of tem- 
perature and pulse curves, was satisfactory; hemop- 
tyses ceased; and she was able to give up the oxygen 
tent. This was accompanied by satisfactory resolu- 
tion of the acute inflammation associated with the 
thrombophlebitis. Anticoagulant therapy was there- 
fore discontinued. Seven days later, while being 
transferred to a stretcher, she experienced a sudden 
massive pulmonary infarction from which she died 
in a few hours, 21 days postpartum and 13 days after 
the initial pulmonary infarction. Pertinent necropsy 
findings included massive bilateral pulmonary em- 
boli and emboli in the right heart and inferior vena 
cava. The ovarian veins were tortuous and dis- 
tended by blood clots. Thrombi could not be ex- 
pressed from the right or left iliac veins. Complete 
examination of the leg veins was not permitted. 


The outcome of this tragic case, the second 
patient to be treated with depository hepa- 
rin, was an object lesson to all concerned. In 
view of her past history of postpartum intra- 
vascular clotting, prophylactic anticoagulant 
therapy might well have been instituted im- 
mediately upon delivery of her last child. 
Delay of treatment until the occurrence of 
the first pulmonary infarction found her some- 
what resistant to heparin inasmuch as she 
never evidenced the usual satisfactory pro- 
longation of clotting times observed with 
doses ordinarily considered adequate. Finally, 
despite her favorable clinical response, the 
total duration of anticoagulant therapy was 
inadequate. Had it been continued, in one 
form or another, for a more extended period, 
the outcome might have been otherwise. 

CasE 2. S. M., U.H.672329, a 22 year old woman 
dying of multiple pulmonary infarctions, was even 
more resistive to depository heparin. Despite the 
administration over a 38 hour period of a total of 
1,050 milligrams of heparin, her clotting time values 
never exceeded 16 minutes. 

This patient, weighing 130 pounds, with mitral 
stenosis, cardiac enlargement, and a sinus rhythm, 
sustained a pulmonary infarction which, in the lack 
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Fig. 12. Prolonged administration of depo-heparin in a 
postpartum patient with thrombophlebitis. Dicumarol 
was withheld because of previous excessive puerperal 
bleeding. 


of evidence of peripheral venous thrombosis, was not 
recognized for a period of 8 days. At this time ad- 
ministration of dicumarol was considered unwise on 
the basis of gross repeated hemoptyses in the pres- 
ence of prothrombin concentrations already reduced 
to from 21 to 30 per cent of normal values. Inasmuch, 
however, as her clinical condition was at this time crit- 
ical, heparinization was instituted (11 days after the 
initial infarction). The pretreatment clotting time 
was 4 minutes. Two hundred milligrams of depo- 
heparin (plain) was given intramuscularly at 10:00 
p.m. Since the clotting time, ro hours later, had not 
been elevated above 8 minutes, an additional 400 
milligrams of the same preparation was adminis- 
tered. Twelve hours later the clotting time was 4 
minutes; 24 hours later it was only 10 minutes. In 
view of this a third injection of depo-heparin (400 
mgm.) was injected in combination with 50 milli- 
grams of intravenous heparin. Four hours later the 
clotting time was only 16 minutes. Further observa- 
tions were prevented by her death. 

Pertinent necropsy findings included: multiple 
pulmonary arterial emboli and hemorrhage infarc- 
tions and advanced calcified mitral stenosis. Mural 
thrombi were not observed within the heart cham- 
bers; thrombi were not present in the pelvic veins; 
the prosector was not permitted to examine the leg 


. veins. The cut surface of the liver revealed promi- 


nent nutmegging; the microscopic picture was that 
of extreme acute exacerbation of chronic passive 
congestion with only a rim of viable liver parenchy- 
ma at the periphery of the lobules; marked degenera- 
tive fatty infiltration of the liver was evident on 
special fat strains. 


Since treatment was delayed until this pa- 
tient was actually moribund, one could not 
rightly classify it as an anticoagulant failure. 
It does, however, illustrate the resistance to 
depository heparin which is sometimes en- 
countered in very severe and extensive intra- 
vascular clotting. 
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Fig. 13. Prolonged administration of depo-heparin (200 
mgm. plain) in a patient with thrombophlebitis treated at 
home. Lack of laboratory facilities prevented the use of 
dicumarol. 


CasE 3. R. P., U.H.165514, a 64 year old man, 
weighing 144 pounds, is the final example of resist- 
ance to depository heparin to be described. On 
April 13, 1950, because of intractable pain associated 
with a recurrent duodenal ulcer, the patient under- 
went a subtotal gastric resection. On the sixth post- 
operative day evidence of thrombosis of the veins of 
the right calf was present. His pretreatment clotting 
time was 7 minutes; the prothrombin concentration 
was 76 per cent of normal. On this day 200 milli- 
grams of plain depo-heparin was given intramuscu- 
larly, this dosage being selected in an effort to avoid 
too excessive alteration of the clotting time; 300 
milligrams of dicumarol was given by mouth. Eight 
hours after the injection of heparin the clotting time 
was 10 minutes; 24 hours later it was only 15 min- 
utes; a second injection of 400 milligrams of depo- 
heparin was then given, 200 milligrams of dicumarol 
being taken by mouth. Through this day repeated 
clotting values did not exceed 12 minutes; in 24 
hours they were at the pretreatment level. Admin- 
istration of 50 milligrams of intravenous heparin, 
however, demonstrated an entirely normal clotting 
time response. Inasmuch as the clinical evidence of 
the thrombosis had subsided, he was not given fur- 
ther heparin but was rather maintained on dicuma- 
rol, the prothrombin concentration now being 4o per 
cent of normal. The fourth day of treatment, the 
value was 31 per cent of normal; the succeeding day, 
at a prothrombin concentration of 15 per cent, he 
experienced sudden chest pain associated, within 24 
hours, with slight hemoptysis and x-ray evidence of 
small pulmonary infarctions at the bases of the right 
and left lungs. For the succeeding 8 days therapeu- 
tic ranges of prothrombin concentrations were main- 
tained, associated with an uneventful convalescence. 


The pulmonary infarction on the fifth day 
of anticoagulant therapy at a prothrombin 
concentration of 15 per cent, and 60 hours 
after the last dose of heparin, cannot be at- 
tributed to deficiencies of heparinization. 


Suggested routine for administration of de- 
pository heparin. Since there is actually no 
way by which heparin resistance or sensitivity 
can be predicted by clinical appraisal, and 
especially because of the importance of the 
latter phenomena, we strongly emphasize that 
depository heparin dosage requirements should 
be established by interval clotting time de- 
terminations. For purposes of efficient and 
safe administration a baseline pretreatment 
clotting time should be obtained; subsequent 
to injection, this should be repeated at 6 to 12 
hour intervals in the first 24 hours. If satis- 
factory elevation is not then apparent, the 
original dose should be supplemented by 
heparin given in some other manner, as 50 
to 100 milligrams directly into the vein. If 
the response at 12 hours is satisfactory, with 
a normal or near normal clotting time at 24 
hours, the same or increased dosage may be 
given. If, on the other hand, it is found to be 
still satisfactorily prolonged (twice the con- 
trol value) either a smaller dose is injected 
then and there, or repetition of the initial 
dose is postponed for 4 to 6 hours or as indi- 
cated by the clotting time. Upon determina- 
tion of a satisfactory dosage, clotting time 
determinations at 24 hour intervals or just 
before the next injection will usually suffice. 
It has been our practice, when the indications 
for heparin no longer existed, to stop the drug 
without delay. Others (5, 11), however, pre- 
fer gradually to decrease the dose to forestall 
the recurrence of thromboembolism. 

The prolonged use of depository heparin. On 
the basis of our experience, and that of others, 
the special depository preparations of heparin 
appear to be adequate anticoagulants. Be- 
cause of their convenience they have come to 
be used routinely in our hospital unless cir- 
cumstances contraindicate their employment. 
They are usually combined with dicumarol. 
The cost and the local discomfort which they 
may induce generally preclude these injections 
over a prolonged period. Under special cir- 
cumstances, however, the prolonged use of 
the depository heparin may be worthy of 
special consideration. Figure 12 illustrates 
the effect obtained over a course of 4 days in 
a patient with a postpartum thrombophlebitis 
of 3 days’ duration. Dicumarol was not ad- 
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Fig. 14. The effect of intravenous protamine sulfate in neutralizing circulatory hep- 
arin. Dramatic return of the clotting time to normal occurs; when repository hep- 
arin has been employed, repetition of protamine dosage may be required to prevent 
secondary elevation of the clotting time. (Chart of R. S., 49 yr. old male, weight 118 


pounds; diagnosis: Boeck’s sarcoid.) 


ministered because of excessive postpartum 
bleeding after a previous pregnancy. Her 
convalescence on depo-heparin was smooth 
and bleeding did not occur. 

We believe, too, that these preparations of 
heparin may be considered in attempting to 
solve the problem of thromboembolism in the 
treatment of a patient confined to the home or 
in small hospitals lacking facilities for reliable 
prothrombin determinations. Figure 13 illus- 
trates one such patient in our series, the 
mother of a staff physician. Dicumarol was 
impractical because of lack of facilities for 
prothrombin time determinations. She was 
therefore treated at home with depo-heparin. 
The injections and clotting time determina- 
tions were made by the physician; after a day 
or so the patient herself completed the timing 
of the clot formation. It will be noticed that 
tests were made, for our special purposes, 
twice a day. For practical purposes, after 
determining her response in the first 24 hours, 
clotting time determinations once a day would 
have been sufficient. 

Reversing the heparin effect. If intravenous 
heparin produces bleeding, withholding the 
drug for a period of 3 to 6 hours will usually 
result in a return of the clotting time to 
the normal range and cessation of the hemor- 
rhage. If necessary, the heparin-prolonged 
clotting time may be immediately reversed 
by protamine sulfate (20). Since protamine is 


an alkali it may produce considerable irritation 
if extravasation occurs; its injection may be 
associated with transitory flushing and warmth. 
The rapidity of neutralization of heparin by 
this drug is nothing short of amazing (Fig. 
14). In general an amount of protamine 
sulfate which is 50 to 75 per cent of the 
amount of heparin given will prove satisfac- 
tory, i.e. 65 milligrams of protamine will neu- 
tralize the effect of 100 milligrams of heparin 
(18). When depository heparin has been 
given, a subsequent injection of protamine 
may be required since the clotting time may 
revert to its former high level in a few hours, 
presumably due to further release of unneu- 
tralized heparin. As far as is known protamine 
has not been reported to precipitate thrombo- 
embolic episodes. 

Lack of agreement exists as to the effect 
of a blood transfusion on the anticoagulant 
effect of heparin. It has been stated (1) 
that a blood transfusion will not counter- 
act heparin but may be required for treat- 
ment of shock. Others report: “. . . adminis- 
tration of relatively fresh whole blood trans- 
fusions in amounts of 500 to 1,000 c.c. returns 
the excessively elevated clotting time toward 
normal” (ro); “‘. . . small transfusions of whole 
blood or relatively fresh bank blood will inac- 
tivate any circulating heparin” (24). Retarda- 
tion of the absorption of depository heparin, 
following the local application of an ice bag, 
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compression, or tourniquets above the injec- 
tion site, has also been described (25, 27). 

Prophylactic heparinization. The necessity 
for laboratory controlled administration and 
the inherent hazard of bleeding from dicu- 
marol limit its widespread use as a prophylac- 
tic against thromboembolism. The prohibi- 
tive cost of heparin, together with the incon- 
venience of its intravenous administration, 
and the sometimes attendant discomfort of 
subcutaneous or intramuscular deposits, pre- 
clude its routine and prolonged use prophy- 
lactically. Notwithstanding the wide experi- 
ence with heparin in the Scandinavian coun- 
tries, it appears at the present time that one 
is almost forced to reserve prophylactic 
anticoagulant therapy, both with heparin and 
dicumarol, to selected groups of patients in 
whom a relatively high incidence of thrombo- 
embolic complications can be expected. 

Regional heparinization. We have had no 
experience with this procedure (29), the limi- 
tations of which have been recently discussed 
by de Takats. 


SUMMARY 


Heparin is a valuable anticoagulant. With 
care it may sometimes be employed when 
dicumarol is better withheld. Combined hepa- 
rin and dicumarol therapy is often indicated 
and may be efficiently administered provided 
a few basic precepts are observed. The rela- 
tively few contraindications to heparin 
should be kept in mind, and, while the risk of 
heparin-induced bleeding is not great, it 
should not be minimized in the immediately 
postoperative patient. Protamine sulfate is a 
valuable and rapid acting antagonist to this 
drug. A few cases of untoward reactions to 
heparin of an allergic nature are being re- 
ported. Aqueous sodium heparin may be ad- 
ministered intravenously, subcutaneously, or 
intramuscularly. Special long-acting prep- 
arations are available for subcutaneous or 
intramuscular deposition. 

The effect of heparin on the clotting time is 
measured by the simple Lee and White test, 
a procedure easily performed at the bedside. 
There are conflicting opinions as to what 
constitutes an adequate therapeutic effect 
from the drug. We believe prolongation of 
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the clotting time to twice the pretreatment 
figure is an adequate and moderate effect. 
Unless meticulous attention is paid to the 
details of administration, however, an irregu- 
lar alteration of the clotting time is the gen- 
eral rule. From the existing data no conclusion 
can be drawn as to the virtue of a sustained 
effect in contrast to an irregular picket fence 
type of reaction. 

There are conflicting opinions, too, regard- 
ing the necessity for clotting time determina- 
tions in heparin therapy. It appears to us that 
employment of heparin implies a situation 
sufficiently grave to warrant assurance that 
the desired effect is being achieved. An 
adequate dose, injected directly and full 
strength into a vein, produces a reasonably 
constant and predictable alteration of the 
clotting time. This, together with the ap- 
parent rarity of resistance to intravenous hep- 
arin, perhaps justifies the omission of clotting 
time determinations when the drug is given 
in this manner to selected patients. In the 
event depository heparin is employed, the 
fact that an occasional heparin-resistant pa- 
tient may be encountered is sufficient reason 
for requesting the performance of appropri- 
ately-spaced clotting time determinations. A 
sustained and yet moderate elevation of the 
clotting time, the cardinal virtue of the con- 
tinuous infusion method of heparin adminis- 
tration, can result only with repeated clotting 
time determinations. 

The controversy as to the choice method of 
heparin administration may be partially re- 
solved by recognizing that varying circum- 
stances should determine the modality em- 
ployed. The disadvantages peculiar to a 
continuous intravenous infusion of heparin 
are real, but if, in the face of potential bleed- 
ing, one is obliged to obtain a definite and yet 
moderate prolongation of the clotting time, 
this is still the choice, and seemingly most 
physiological, method of heparin therapy. 

The direct, intermittent administration of 
undiluted heparin into the vein is a widely 
employed and indisputably successful form 
of therapy. The immediate effect on the clot- 
ting mechanism is frequently highly desirable 
but may be a serious hazard if hemostasis 
is incomplete. The inconvenience of repeated 
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venipunctures constitutes the chief disadvan- 
tage of this form of treatment. 

The convenience of depository heparin, as 
contrasted to intravenous injections, explains 
the growing popularity of this form of heparin 
administration. The possibility of utilizing 
the depository preparations to achieve safe 
and effective anticoagulant therapy in small 
hospitals and in the home is being recognized. 
A “priming” dose of intravenous aqueous 
sodium heparin, followed by the intermittent 
subcutaneous injection of relatively small 
doses of the same product (Cosgriff method), 
produces a moderate and fairly well sustained 
elevation of the clotting time; the method has 
the special advantage that it may be con- 
tinued by the nursing staff. Deep subcutane- 
ous or intramuscular injection of aqueous 
sodium heparin, in dosages of 100 to 200 
milligrams satisfactorily alters the clotting 
time for from 5 to 10 hours. This effect can 
be prolonged for about 24 hours when the 
special depository preparations are used in 
dosages of 200 to 400 milligrams. We have 
observed no practical prolongation of their 
effect by the incorporation of vasoconstrictors. 
In the majority of patients a variable period 
of time (2 to 5 hours) elapses before the 
clotting time is significantly altered by these 
preparations. Since this delayed effect may 
be important in an emergency state of throm- 
boembolism, an initial “priming”’ injection of 
intravenous aqueous heparin may be ad- 
visable. Dosage of depository heparin of the 
above magnitude may be eventually expected 
to produce an appreciable effect on the clot- 
ting time (prolongation up to 1% hours), 
which, of course, may be undesirable if hemo- 
stasis is incomplete. Protamine sulfate ef- 
fectively counteracts the effect of depository 
heparin; the dosage may have to be repeated. 

Local discomfort incident to the injection 
of all preparations of heparin beneath the 
skin is a disadvantage which should not be 
minimized; it may appreciably distress a pa- 
tient already acutely ill, as with a myocar- 
dial infarction. Although pain and aching 
may usually be relatively well controlled, 
discomfort sometimes may be sufficient to 
preclude further injections. The amount of 
heparin required for effective treatment will 
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be approximately the same regardless of how 
it is given. All methods of giving heparin 
have certain inherent disadvantages which, 
together with their expense, generally pre- 
clude their prolonged use. 


CONCLUSION 


Heparin may be administered by different 
methods, each of which has undergone suffi- 
cient clinical trial to justify confidence. Con- 
fusion will be minimized and more effective 
anticoagulant therapy will be achieved if the 
method of administration is selected to satisfy 
the existing circumstance; close supervision is 
required to insure effective treatment with 
this drug. 
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GASTRIC ASPIRATION AS A TECHNIQUE FOR THE PRE- 
VENTION OF ASPHYXIA IN THE NEWBORN 


INFANT 


DAVID M. LITTLE, JR., M.D., FRANK H. D’ANDREA, M.D., and 
ANGELO MASTRANGELO, JR., M.D., Stamford, Connecticut 


SUPERFICIAL inspection of fetal mor- 
tality rates reported during the past 
decade reveals a marked tendency 
toward the desirable minimum. A 

study of the vital statistics from the State of 
Connecticut, for example, emphasizes that the 
over-all infant mortality rate, during the first 
year of life, has fallen from 171.3 per thousand 
live births in 1900, to 25.5 per thousand live 
births in 1947 (4). These figures are confirmed 
by data from the U. S. Bureau of the Census, 
which reports the infant mortality rate, again 
during the first year of life, as having declined 
from 100 per thousand live births in 1915, to 
4o per thousand live births in 1942 (13). 
These are most gratifying decreases. Less 
gratifying, however, and far more surprising, 
are the facts revealed by a closer scrutiniza- 
tion of such fetal mortality rates: for, in 
striking contrast to the trend of the general 
fetal mortality rate during the first year of 
life, the death rate associated with birth and 
the immediate postnatal period has shown but 
little improvement. There is a constancy of 
the infant mortality rate at about the time of 
birth which suggests that further efforts to 
decrease infant mortality rates should be con- 
centrated on this dangerous period of early 
neonatal life. Thus, the neonatal mortality 
for the entire first week of life is 52 per cent 
of the total mortality for the entire first year, 
and that during the first day of life is 29 per 
cent of the total mortality of the first year (13). 

The challenge has not gone unheeded. The 
obstetrician is presently engaged in a critical 
evaluation of all the various aspects of ob- 
stetrical practice and technique that might be 
possible contributory factors to infant mor- 
tality or morbidity. The anesthesiologist has 
likewise recognized his role in the problem, 
for the types of analgesic drugs and the anes- 
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thetic agents and methods employed to allay 
the pains of childbirth are often basic factors 
operating toward the production of infant 
mortality and morbidity (7). The anesthesiol- 
ogist is cognizant also of his responsibility as 
a specialist in the field of resuscitation, and 
now actively participates in the resuscitation 
of the asphyxiated infant (6). 

One of the most vexatious problems to 
confront physicians striving to decrease the 
infant mortality rate of the early neonatal 
period has been a form of latent respiratory 
distress which occurred after, rather than at 
the time of, delivery. Recently, a technique 
which may prove of value for the prevention 
of this complication has been added to the 
anesthesiologist’s armamentarium (3, 14). 


THE THEORY FOR GASTRIC ASPIRATION 


It has long been recognized that the inci- 
dence of respiratory difficulty is higher after 
cesarean section than after delivery through 
the pelvis (1, 2, 5,9). One very pertinent form 
which tiis complication may take is that of a 
syndrome of delayed respiratory distress oc- 
curring in the newborn infant some minutes 
to hours after delivery by cesarean section 
and the initiation of apparently normal respir- 
atory activity (11, 12). This respiratory dis- 
tress is of an obstructive nature, associated 
with tachypnea, dyspnea, cyanosis, and re- 
traction of the soft parts of the chest. In 
certain instances, the clinical course has pro- 
gressed to restlessness, convulsions, and death, 
the latter apparently occurring from respira- 
tory obstruction. It is generally conceded 
that the aspiration of amniotic fluid into the 
trachea at or before birth may indeed account 
for signs of respiratory distress in the imme- 
diate neonatal period (12), but it seems un- 
likely that such an explanation could suffice 
for the development of respiratory obstruction 
several hours following birth. Gellis, White, 
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TABLE I.—RESULTS OF GASTRIC SUCTION 
IN NEWBORN INFANTS 
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5.4 Low forceps 





(After Gellis, S. S., White, P., and Pfeffer, W. (3). Courtesy New Eng- 
land J. Med.) 


and Pfeffer have compounded the intriguing 
theory that if an excessive amount of am- 
niotic fluid were ingested at or prior to de- 
livery, it might later be regurgitated and 
aspirated, thus accounting for the late onset 
of respiratory embarrassment (3, 14). Fur- 
ther, others have pointed out that the frequent 
application of a catheter to the posterior 
pharynx during the act of resuscitation may 
initiate vomiting. If this should occur at the 
time of resuscitation, the vomitus would be 
aspirated by those caring for the newborn 
infant. However, if the infant should vomit 
at a later time when alone in its crib, the 
vomitus might be aspirated into the lower 
respiratory tree and cause respiratory dif- 
ficulty (8). 

Acting on the supposition that these hy- 
potheses were, in fact, valid, Gellis, White, 
and Pfeffer proceeded to apply gastric suction 
at birth to a small series of newborn infants 
(Table 1). Of 25 infants who were born by 
cesarean section to diabetic mothers, and 
upon whom gastric suction was employed at 
birth, 4 infants exhibited respiratory dif- 
ficulty at the time of birth, but none developed 
the latent form of respiratory distress during 
the neonatal period. On the other hand, of 25 
infants who also were born by cesarean sec- 
tion to diabetic mothers, but who did not re- 
ceive gastric suction at birth, 6 exhibited 
respiratory difficulty at birth and g other 
infants developed the latent form of respira- 
tory obstruction in the neonatal period. They 
concluded that the difference in the clinical 
courses between these two groups of infants 
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justified the use of gastric aspiration of the 
newborn following cesarean section. 

The volume of the gastric contents in the 
group of 25 infants who were born by cesarean 
section to diabetic mothers and who received 
gastric aspiration at birth, ranged from 10 to 
36 cubic centimeters, with an average volume 
of 20 cubic centimeters. The volume of gastric 
contents in a group of 12 infants, who were 
born by cesarean section to nondiabetic 
mothers and who received gastric aspiration 
at birth, ranged from 6 to 28 cubic centi- 
meters, with an average volume of 14 cubic 
centimeters. The technique was then applied 
to infants delivered by low forceps extraction, 
and in a group of 5 infants born in this manner 
to diabetic mothers, the volume of the gastric 
contents ranged from o to 14 cubic centi- 
meters, with an average volume of 5.4 cubic 
centimeters. In another group of 15 infants, 
born by low forceps extraction to nondiabetic 
mothers, the volume of the gastric contents 
ranged from o to 7 cubic centimeters, with an 
average volume of 2.1 cubic centimeters 
(Table I). 


THE TECHNIQUE OF GASTRIC ASPIRATION 


The results obtained by Gellis, White, and 
Pfeffer were impressive, despite the limited 
size of their series, and the technique has now 
been adopted as a routine prophylactic pro- 
cedure for infants born by cesarean section 
in the Stamford hospitals. Following the per- 
formance of an endotracheal toilet upon the 
newborn infant delivered by cesarean section, 
and the administration of oxygen and the 
application of such other resuscitative pro- 
cedures as may be indicated, the anesthesiolo- 
gist introduces a No. ro French soft rubber 
urethral catheter into the oropharynx. The 
catheter is then passed slowly down through 
the pharynx, into the esophagus, and on into 
the stomach, a slow, rotary motion of the 
catheter between the fingers of the right hand 
facilitating the downward descent. Difficulty 
is seldom encountered in thus gaining access 
to the esophagus and stomach, but should a 
tendency toward kinking of the catheter in 
the pharynx become evident, the catheter 
may be guided by the index and middle fingers 
of the left hand, much in the manner one 
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would employ for the performance of blind 
endotracheal catheterization in such infants. 
When the catheter has entered the stomach, 
a distance of some 1o to 12 centimeters from 
the mouth, it is advanced a few more centi- 
meters. A plain-tipped 10 cubic centimeter 
syringe then is attached to the end of the 
catheter as a mechanism for aspiration. Dur- 
ing the actual performance of gastric suction 
with this syringe, the anesthesiologist’s free 
hand may be pressed gently over the epigas- 
trium to assure a maximal yield of gastric 
contents. Suction is continued during the 
slow, and again gentle, withdrawal of the 
catheter from the stomach, esophagus, and 
pharynx. The administration of oxygen to 
the infant may be advisable following such 
aspiration, since the presence of the catheter 
in the pharynx frequently results in the acti- 
vation of the gag reflex, minor degrees of 
laryngospasm, and breath-holding. The gas- 
tric aspiration is then repeated, and is re- 
peated as many more times as may be neces- 
sary to remove the entire volume of stomach 
contents. Thus, the technique is simplicity 
itself. The only precaution that must be 
stressed is one that applies to all manipula- 
tions on the newborn infant; gentleness at 
all times. It is worthwhile to recall that the 
esophagus of the newborn is only 5 milli- 
meters in diameter, and that its wall is dis- 
tinctly thinner than that of the adult (10). 


RESULTS 


Gastric aspiration has now been employed 
on 165 infants born by cesarean section, and 
on 50 infants delivered through the pelvis. 
The volume of the gastric contents in the 
series of infants born by cesarean section 
ranged from o to 21 cubic centimeters; the 
average volume of the gastric contents being 


6.4 cubic centimeters. The volume of the 
gastric contents in the series of infants born 
through the pelvis ranged from o to 17 cubic 
centimeters; the average volume of the gastric 
contents being 5.2 cubic centimeters (Table 
II). 

The character of the fluid obtained from 
the stomach and esophagus following gastric 
aspiration in the newborn varied greatly, but 
most commonly was a clear or yellowish, 


TABLE II.— VOLUMES OF GASTRIC CONTENTS 


IN NEWBORN INFANTS 





Type of 
delivery 


Number of 
infants 





Range of volume 
gastric contents 
in c.c. 


Average volume 
gastric contents 
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Cesarean 


165 


0.0-21.0 


6.4 








Vaginal 


5° 





0.0-17.0 





5.2 





viscid liquid containing white flecks of caseous 
material. In those instances when intra- 
uterine asphyxia had occurred, the fluid con- 
tained meconium and was stained dark green. 
Occasionally, the fluid was pink or even 
frankly bloody, and it was presumed that the 
infant had gasped during extraction through 
a bleeding laparotomy wound or in the course 
of delivery through an episiotomy wound. At 
times the material obtained by aspiration of 
the stomach was so thick and tenacious that 
it could be suctioned only with great difficulty; 
it seemed obvious that such material might 
cause profound respiratory distress should it 
gain access to the lower respiratory tract. 
Gastric aspiration of all newborn infants 
born by cesarean section was adopted as a 
prophylactic procedure on May 1, 1949, and 
a comparison may therefore be made of the 
infant mortality rates for the 12 month period 
prior to the institution of this technique and 
the 12 month period following its routine use 
(Table III). During the control period from 
May 1, 1948, to April 30, 1949, endotracheal 
aspiration was performed on each infant born 
by cesarean section, but gastric suction was 
not employed on these newborns. During this 
period 225 cesarean sections were performed, 
with a total of 14 fetal deaths, or a gross fetal 
mortality rate of 6.2 per cent. In 4 instances, 
fetal death had been diagnosed preopera- 


TABLE III.—THE EFFECT OF GASTRIC ASPIRA- 
TION ON FETAL MORTALITY OF INFANTS 
BORN BY CESAREAN SECTION 
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TABLE IV.— INCIDENCE OF PREMATURE INFANTS 
— — eee 7 a eee = ren 
| Number Number Number | Percentage 
of of of of 
cesarean newborn | premature | premature 
sections infants infants | infants—% 
May 1, 1948- 
April 30, 1949: 225 227 29 12.77 
(Control period) 
May 1, 1949- 
April 30, 1950: 179 181 22 12.15 
(Gastric aspira- 
tion employed) 

















tively, and by excluding these stillbirths, a 
corrected fetal mortality rate is obtained of 
4.4 per cent. During the second 12 month 
period, from May 1, 1949, to April 30, 1950, 
gastric suction of the newborn, in addition to 
endotracheal aspiration, was employed as a 
routine technique. During this period 179 
cesarean sections were performed, with a total 
of 6 fetal deaths, or a gross fetal mortality 
rate of 3.4 per cent. In one instance fetal 
death was diagnosed preoperatively, and ex- 
cluding this stillbirth, a corrected fetal mor- 
tality rate is obtained of 2.8 per cent. In short 
both the gross and the corrected fetal mor- 
tality rates have been approximately halved 
since gastric aspiration of the infant born by 
cesarean section has been instituted as a rou- 
tine prophylactic procedure. 

It is worthwhile pointing out that the only 
major variant between the two periods en- 
compassed by this study was the use of gas- 
tric aspiration of the newborn during the sec- 
ond year. Cesarean sections were performed 
for the commonly accepted indications, in- 
cluding contracted pelvis, cephalopelvic dis- 
proportion, placenta previa, abruptio placenta, 
previous cesarean section, pre-eclampsia, uter- 
ine inertia, and marked dystocia. The opera- 
tors were the same group of obstetricians and 


TABLE V.—INCIDENCE OF TYPES 
OF ANESTHESIA 
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May 1, 1948- 
April 30, 1949: 225 9 4.00 216 = 96.00 
(Control period) 
May 1, 1949- 
April 30, 1950: 179 12 6.70 167 93.30 
(Gastric aspira- 
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general surgeons during both periods of the 
study. There was no statistical difference in 
the incidence of premature infants between 
the two periods of the study (Table IV). 
Spinal anesthesia was employed in the great 
majority of the operations, except when 
specifically contraindicated; in the latter in- 
stances, general anesthesia, usually cyclopro- 
pane, was employed. The incidence of the use 
of general anesthesia was greater during the 
second year of this study (Table V), but this 
might be expected to increase the fetal mor- 
tality rate, rather than account for the approx- 
imately halved fetal mortality rate which in 
fact obtained. Anesthetics were administered 
by the same group of anesthesiologists during 
both periods of this study. The one major 
change in policy concerning the management 
of these operative procedures was the use of 
gastric aspiration during the second period of 
the study. 
DISCUSSION 

The results would appear to confirm the 
fact that the volume of the gastric contents 
in the newborn infant may indeed be suffi- 
ciently great in quantity, and that the type 
of material may be sufficiently tenacious in 
character, to produce respiratory distress if 
regurgitated and aspirated into the respira- 
tory tract. The series is too small to permit 
any conclusions as to whether or not latent 
respiratory distress does in fact occur by the 
mechanism postulated by Gellis, White, and 
Pfeffer, or whether such respiratory distress 
may be prevented by the technique of gastric 
aspiration. However, the fact that the use of 
gastric suction coincided with a 50 per cent 
reduction in both the gross and the corrected 
fetal mortality rates, while by no means over- 
whelming evidence in view of the small size 
of the series, and the large number of variable 
factors involved, is at least strongly suggestive 
of the value of the technique when applied to 
newborn infants delivered by cesarean section. 

One infant in this series, delivered by classi- 
cal cesarean section under spinal anesthesia, 
because of placenta previa and hemorrhage 
at the 36th week of gestation, was aspirated 
of 1.5 cubic centimeters of gastric contents 
following the immediate, spontaneous initia- 
tion of respirations at birth. Nevertheless, 
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despite both endotracheal and gastric aspira- 

tion at the time of birth, a few hours later 

this newborn developed respiratory distress 
f characterized by cyanosis, tachypnea, sternal 
retraction, and an elevation of temperature. 
A diagnosis of aspiration pneumonitis was 
made, and therapy was instituted with peni- 
cillin and oxygen, which resulted in a clinical 
cure within 2 days. In this instance, at least, 
both endotracheal ard gastric aspiration 
failed to prevent the occurrence of respiratory 
difficulty in the early neonatal period. 

The volume and the character of the gastric 
contents in infants delivered through the 
pelvis were likewise such as to suggest that, 
if the technique were of value in preventing 
delayed respiratory distress following cesarean 
section, it should also prove of value follow- 
ing vaginal delivery. The syndrome of de- 
layed respiratory distress is sufficiently in- 
frequent to necessitate the use of the tech- 
nique in a large series of newborn infants be- 
fore any conclusions would be warranted con- 
cerning its effect on the incidence of this mor- 
bidity. However, certainly both the mechansim 
postulated to account for the occurrences of 
such respiratory difficulty, and the technique 
proposed for its prevention, are worthy of 
further evaluation and study. 


SUMMARY 


A syndrome of delayed respiratory distress 
may occur in the newborn infant some min- 
utes to hours after delivery and the initiation 
of apparently normal respiratory activity. It 
has been postulated that if an excessive 
amount of amniotic fluid were ingested at or 
prior to delivery, it might later be regurgitated 
and aspirated, thus accounting for the late 
onset of respiratory embarrassment. 

Gastric aspiration has been performed on all 
infants born by cesarean section as a prophy- 








lactic measure in order to prevent the devel- 
opment of this delayed form of respiratory 
distress. 

The use of this technique for a 12 month 
period coincided with fetal mortality rates 
approximately 50 per cent lower than those 
obtaining for a previous 12 month control 
period. 
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THE TREATMENT OF POLYPS 
OF THE COLON 


IMPLE polypectomy, accomplished 
through a short colotomy incision, has 
been the accepted method of treatment 

of single pedunculated polyps located in the 
colon above the reach of the sigmoidoscope. 
Several considerations indicate that this pol- 
icy should be abandoned and replaced by 
segmental resection of the colon. 

Single colonic polyps, usually located in the 
sigmoid flexure or rectum, have been classified 
as sessile or pedunculated. Malignancy is sup- 
posed popularly to be associated only with the 
sessile group. Yet it must be admitted that 
differentiation of the two types often is diffi- 
cult, and that an apparent stalk is only mu- 
cous membrane displaced by peristaltic pull of 
the polyp. Also, the concept that cancer does 
not occur in pedunculated polyps is incorrect. 
Thus, it is of interest that of 70 single polyps 
of the colon or rectum removed in the Massa- 
chusetts General Hospital in the past 12 
months, all of which were believed by observa- 
tion through the sigmoidoscope or through a 
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colotomy incision to be benign, 11 were shown 
by the microscope to contain cancer. 

The objection may be raised that these can- 
cers generally are microscopically rather than 
clinically malignant. Yet in 2 of these cases 
cited lymph node metastases were encoun- 
tered. Furthermore, even polyps with low 
grades of malignancy occasionally develop 
metastases. In our pathological laboratory, 
Castleman’ has 1 case of apparently benign 
multiple polyposis of the colon with death 
from metastatic adenocarcinoma originating 
from the colon in which the exact primary site 
never could be discovered. 

When carcinomatous polyps of the rectum 
are removed through the sigmoidoscope and 
radical operation is deemed inadvisable, the 
operative field at least can be kept under ob- 
servation by repeated observation. McLana- 
han” has pointed out that about 25 per cent of 
these patients will develop a local recurrence. 
No such easy visual aid can be expected when 
the excised polyp is above the reach of the sig- 
moidoscope; further observation can be 
achieved only by a second laparotomy. 

It would be comforting to the surgeon if he 
could do a local removal of a polyp and have 
an accurate diagnosis made by frozen section. 
Most pathologists will refuse any such at- 
tempt because, except in florid cases of cancer, 
it is impossible to be certain of the cytology by 
this method. Hence the surgeon must depend 
upon his own resources. He either will do a 
polypectomy or he will carry out a segmental 
resection of the colon. If he does a simple 
polypectomy, the pathologist. occasionally will 

1CASTLEMAN, B. Personal communication. 
*McLANAHAN, S., Grove, G. P., and Krerrer, R. F., Jr. 


Conservative surgical management ‘for certain rectal adenomas 
showing malignant change. J. Am. M. Ass., 1940, 141: 822-826. 




















inform him a few days later that the tumor is 
cancer. What is he to do then? Some sur- 
geons do nothing. They point out that malig- 
nancy arising in polyps is low grade, particu- 
larly if cancer is not present in the stalk, and 
that chances of recurrence are slight, but they 
are at least unhappy about the situation. 
Other more aggressive surgeons will perform 
a second laparotomy a week after the first, 
resecting a segment of colon. Under such cir- 
cumstances, the surgeon deplores his manipu- 
lations in a field that is either involved by 
cancer or immediately adjacent to it. Nor can 
the patient be expected to show any notice- 
able enthusiasm over the second operation. 

On the other hand it may be pointed out 
that about 7 sigmoid colons will be resected 
unnecessarily to accomplish the proper oper- 
ation for one cancer. This argument is of 
value only if it can be established that poly- 
pectomy is a safer operation than resection 
and anastomosis. The author believes that 
the two operations are of comparable magni- 
tude. Certainly polypectomy is not devoid of 
technical hazards. Hematomas may form at 
the bases of excised polyps. There is occasion- 
ally faulty healing of the colotomy incision, 
which routinely is done through the anti- 
mesenteric margin, the area which has the 
poorest blood supply in the colon. Such com- 
plications have been frequent enough in the 
hands of some surgeons for them to advise 
concomitant decompression by a cecostomy 
when polypectomy is done. While quotation 
of figures out of context is sometimes mislead- 
ing, Cattell’s mortality of 2.6 per cent® for 
polypectomy indicates that there is a definite 
hazard associated with the theoretically sim- 
pler procedure. 

On the other hand resection and anastomo- 
sis of the sigmoid performed with care carries 


'CaTTELL, R. B. Surgical treatment of polyps of large intes- 
tine. Am. J. Surg., 1949, 76: 733-747. 
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no higher mortality. For example, a some- 
what analogous but more difficult group of 
cases treated for cancer of the colon in which a 
resection for cure could be carried out, by 
Allen, Donaldson, and the author, had a 
mortality of 1.2 per cent. 

It will be noted that this discussion involves 
only those polyps that are above the reach of 
the sigmoidoscope. Primary resection of the 
bowel is not advocated for rectal polyps. In 
the latter group of cases an accurate diagnosis 
may be established through the sigmoido- 
scope. Deforming resections or anastomoses 
below the peritoneal floor then are reserved 
for the carcinomas. The situation is far differ- 
ent when the surgeon’s only view of the polyp 
can be obtained through a laparotomy in- 
cision. 

It therefore seems that the surgeon who 
practices resection and anastomosis for car- 
cinoma of the colon with technical competence 
should do the same for single polyps. If he 
removes a deep wedge of the mesentery he will 
secure the regional lymph nodes that are in- 
volved by early unsuspected metastasis. Oc- 
casionally he also will be rewarded by the dis- 
covery of other small undetected polyps in the 
specimen. Finally, without subjecting the 
patient to an increased operative risk, if can- 
cer is found in the permanent microscopic sec- 
tion he will know that he has performed an 
adequate operation. | CLauDE E. WELCH. 


STELLGATE GANGLION BLOCK 


N RECENT years there has been an in- 
creasing interest on the part of the medi- 
cal profession in the use of stellate gang- 

lion block as an ancillary method of treatment 
for certain cerebrovascular disorders. The 
value of this mode of therapy, however, re- 


“ALLEN, ARTHUR W. Current trends in the surgical manage- 
ment of lesions of the colon. Ann. R. Coll. Surg. England, 1950, 
7: 173-180. 
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mains controversial and it is an appropriate 
time to pause and inquire into both the ra- 
tionale and results of its use. 

Reports in the literature and an increasing 
experience of many physicians indicate at 
least immediate and temporary improvement 
in the use of paralyzed extremities and in 
other neurological deficits in perhaps one- 
third of patients who have suffered a cerebral 
thrombosis or embolus. As the time interval 
from the occurrence of the cerebrovascular 
accident increases, a diminishing response to 
stellate block can be anticipated. 

The fact that clinical improvement, if only 
temporary, can occur within a few minutes 
after a stellate block with procaine, whereas 
control injections with saline have no such 
effect, suggests a definite causal relationship. 
It is pertinent, therefore, to investigate the 
possible physiological mechanisms which may 
underlie this phenomenon. The reluctance of 
many investigators to accept a causal rela- 
tionship other than psychological in the ob- 
served clinical response may be attributed to 
the generally accepted concept that in normal 
animals (and probably man) the intrinsic 
tone of cerebral vessels is not mediated by the 
autonomic nervous system. Chemical factors 
(carbon dioxide and oxygen tension of the 
arterial blood) have been shown to be of far 
greater importance. 

It is becoming increasingly apparent, how- 
ever, that in the presence of cerebrovascular 
pathology, vasospasm may contribute to in- 
creased cerebrovascular resistance and de- 
creased blood flow, which in some instances 
may be widespread and in others limited to 
the neighborhood of the ischemic area. If 
this concept is correct, then such spasm will 
undoubtedly add to the deprivation of an 
adequate oxygen supply to functioning cells 
and hence to the immediate and ultimate 
neurological deficit. Furthermore, if such 
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vasospasm were to be mediated by sympathet- 
ic impulses, obliterating the latter would ex- 
plain the clinical response. 

The role of vasospasm and the value of 
sympathetic block in peripheral vascular 
disease are undisputed. The situation is anal- 
ogous in cerebrovascular disease, granting the 
existence of cerebral vasospasm mediated by 
the autonomic nervous system. What evidence 
can be brought to bear upon this question? 

Prior animal experimentation has been con- 
cerned chiefly with the effect of cervical sym- 
pathetic stimulation upon the caliber of pial 
vessels, and has shown this effect to be very 
slight. There is little information upon the ef- 
fect of blocking sympathetic impulses or con- 
cerning the effect of either stimulation or 
blocking upon the intracortical and intra- 
cerebral vessels in normal and disease states. 
However, recent investigations in human sub- 
jects, employing a radioactive colloid of 
yttrium (Y°%), indicate an increase in the vas- 
cularity of the cerebral cortex on the order of 
20 per cent following stellate block. Shenkin 
and associates! have shown a decrease in 
elevated cerebrovascular resistance and an in- 
crease in diminished cerebral blood flow sub- 
sequent to bilateral stellate ganglionectomy. 
Other investigators have been unable to 
demonstrate any change following either gang- 
lionectomy or procaine block when the cere- 
brovascular resistance and total cerebral blood 
flow are normal initially. Even when the re- 
sistance is elevated and blood flow diminished, 
no alteration of total blood flow after procaine 
block alone can be demonstrated by present 
methods of study. Further data are necessary 
to resolve these questions satisfactorily. 

It would appear probable that the observed 
clinical effects are due to redistribution and 
shunting of blood to local areas of ischemia 

ISHENKIN, H. A., Casreses, F., and VAN DEN Noorpt, G. 
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and surrounding vasospasm, rather than to an 
increase in total cerebral blood flow conse- 
quent upon a decrease in cerebrovascular re- 
sistance. Further studies are needed before 
cerebral vasospasm mediated by the auto- 
nomic nervous system can be accepted as a 
causal factor in the clinical picture, but there 
is no convincing evidence at hand that such 
cannot be the case. 

In addition to the uncertainties relating to 
the cerebrovascular physiology, it is difficult 
to assess properly the clinical results. There 
can be no question but that many patients 
recover completely from the effects of small 
cerebral thrombi or emboli, so that from the 
standpoint of permanent recovery a large, 
adequately controlled series is needed to de- 
termine the value of stellate block in these 
patients. In a sense, however, each patient is 
his own control insofar as the immediate ef- 
fect of a block is concerned. Thus, if he be- 
comes able to move a previously paralyzed 
extremity shortly after a stellate block, it is 
difficult to deny that some event has taken 
place to produce this change. 

Experience has shown that this immediate 
effect of stellate block in patients with acute 
cerebrovascular episodes is somewhat pre- 
dictable. There is little or no result in pa- 
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tients with a massive vascular lesion such as a 
thrombosis involving the internal carotid ar- 
tery. Slight, if any, improvement can be an- 
ticipated when the lesion involves the verte- 
bral or basilar arteries or their branches. It is 
probably unwise to use this procedure in pa- 
tients who have recently suffered a cerebral 
hemorrhage, and we have never observed any 
improvement in such patients subsequently. 
This might be expected, since the hemorrhage 
so frequently involves the internal capsule. 
In general, the younger the patient, the better 
the anticipated result. When an immediate 
improvement occurs following a stellate block, 
the procedure should be repeated, depending 
upon the clinical picture. The effectiveness of 
succeeding blocks usually diminishes, but if 
sufficient improvement can be maintained 
over the first few days, the resulting neurologi- 
cal deficit may be minimized. 

The procedure is relatively simple and car- 
ries very little risk when the anterior or an- 
terolateral approach is used. The few reported 
fatalities have followed a paravertebral injec- 
tion from a posterior approach, which not only 
is more difficult technically with the risk of 
introducing procaine into the spinal canal, but 
is attended by greater discomfort to the 
patient. Joun E. Apams. 
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HEN the sth Army landed at Sa- 
lerno in September, 1943, initiating 
the invasion and subsequent liber- 
ation of the continent of Europe, a 
historical cycle of almost 1,000 years was com- 
pleted. At the close of the Dark Ages, one Con- 
stantinus Africanus, a physician, came to this 
same town, reintroducing into Europe the works 
of the great Grecian, Roman, and Arabic physi- 
cians. His name is thus intimately associated 
with the founding of Europe’s first institution for 
medical learning, the famous school of Salerno. 
Medicine itself may thus be proud that this 
achievement heralded the Renaissance in art and 
literature, antedating it by almost 200 years! 

It is the usual custom in making a historical 
contrast to begin with the most remote period 
and work forward to the most recent. However, 
Theodoric’s surgery can be painted in its clear- 
est perspective by setting forth a picture of mod- 
ern wound treatment at the beginning, then 
sketching in some of its background for com- 
parison. Thus the Battle of Salerno serves as 
one timepost and the School of Salerno, goo 
years earlier, as the other. 


WORLD WAR II 


Never in the history of warfare have the stand- 
ards of health and the survival rate of the 
wounded equaled those in the American Army 
during the recent conflict. While many defects 
in the system may be pointed out, the revolu- 
tionary changes effected both in the general 
treatment of the wounded and particularly in 
the healing of wounds were impressive. We en- 
tered this war with policies of military medicine 
based largely upon the experiences of 1917-1918. 
At that time, whole blood was rarely available, 
glucose and saline were used sparingly, and the 
physiologists Bayliss and Cannon were attempt- 
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ing to restore blood volume with gum acacia 
solution. Wound débridement had made its ap- 
pearance but was not fully understood, nor, save 
in a few forward hospitals, was its execution 
efficiently carried out. With a few notable ex- 
ceptions, the older and more experienced sur- 
geons were left at the base, while the younger 
and less experienced men were forward. Sep- 
sis and delayed wound healing led to the devel- 
opment of an elaborate method of wound anti- 
sepsis known as the Carrel-Dakin technique, but 
even this proved ineffective and was eventually 
discarded. 

As the result of his experience in the Spanish 
Civil War, Trueta popularized the so called 
“closed plaster” method of wound treatment. 
The wound was “salted down” with sulfona- 
mides, while prolonged and relatively complete 
immobilization of the part was emphasized. 
Thus, infection, protracted convalescence, and a 
great deal of deformity were accepted in an ef- 
fort to save life and limb. Early in the North 
African Campaign casualties were treated in 
much this same manner. Wounds were dé- 
brided with varying degrees of efficiency, sepsis 
was not uncommon, while in even the relatively 
clean wounds granulation took place slowly, 
thus greatly prolonging healing and increasing 
the amount of scar tissue formation. American 
surgeons, and their British colleagues as well, 
were dissatisfied with the results being obtained, 
and a number of changes were instituted to 
revolutionize the treatment of the wounded. 

Probably the greatest single advance in sur- 
gery in World War II lay in the method of sec- 
ondary or delayed wound closure. An entirely 
new field of reparative and hence of reconstruc- 
tive surgery was opened up, .with the saving of 
thousands of lives and limbs, the shortening of 
convalescence, and the lessening of scar tissue 
formation. American Army surgeons could point 
with just pride to this achievement. 
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About a year and a half after this program 
had been established, British and American sur- 
geons of the Mediterranean Theatre held a meet- 
ing at the University of Rome, and on the 
agenda, rather as a fait accompli, was the sub- 
ject of secondary suture. To the surprise of all it 
was discovered that in 1918, a French Army 
Surgeon named René Block had described the 
method in great detail. At about the same time 
Heuer independently wrote a paper to the same 
effect, appending thereto reports of a series of 
successful cases. This work apparently attracted 
little attention and was soon forgotten. Doctors 
then as now soon lost interest in the lessons of 
war, a circumstance indeed unfortunate, for medi- 
cine is one of the few phases of war in which all 
may profit. 

Among the brilliant late nineteenth century 
group so largely responsible for our present day 
concepts of wound treatment are Pasteur in 
France, Lister in Great Britain, Kocher in Switz- 
erland, and Halsted in America. Looking back- 
ward, which is to us the more interesting way to 
study medical history, a surgeon who has had 
actual war experience would be tremendously im- 
pressed by the descriptions of military medical 
problems as presented by Baron Larrey and his 
less well known opposite number, Gillespie of 
Wellington’s Army. The Flying Ambulance, the 
early amputation of doomed limbs, and a sound 
classification of wounds stem from these two 
army surgeons. 

In the entire history of military surgery, and 
this perforce includes much of surgery itself, no 
figure stands out with truer greatness of intellect 
or color of personality than does Ambrose Paré. 
Upon the basis of his wide experience, his com- 
mon sense and his devotion to the patient, he 
came to make those revolutionary changes in 
the wound treatment which mark him as one 
of the great iconoclasts of surgery. 


Behind Paré one must cross a gulf of “laud- 


able pus” three centuries wide, and then, quite 
unexpectedly, encounter the writings of that 
Prince of Surgeons, Henri de Mondeville. “Pus,” 
he says, “is not laudable; wounds should heal per 
primam.” Forthright directions are given by him 
for the cleansing of a wound, for its approxima- 
tion and for the avoidance of greases and, ex- 
cept under certain circumstances, of drains. 
Techniques for the control of hemorrhage are 
beautifully delineated. 

Why, then, was his advice ignored and for- 
gotten? In the first place it was far easier to 
“engender” pus, and in the second, Henri’s sar- 
castic witticisms won him few friends. How it 
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must have shocked his contemporaries to hear 
him say, “God’s creative power was not ex- 
hausted in making Galen”! In a more practical 
vein he advised: “If you have operated con- 
scientiously upon the rich for a proper fee, and 
upon the poor for charity, you need not play 
the monk, nor make pilgrimages for your soul.” 

One of the marks of true greatness is the giv- 
ing of credit where credit is due, and Henri is 
at pains to point out that his concept of wound 
healing was learned from his master, Theodoric. 
In one of the real gems of medieval medical 
literature, the latter records the teachings of his 
master—probably his own father—Hugo of Luc- 
ca. It is at this point that the cycle is completed, 
for Hugo probably studied at Salerno, and cer- 
tainly knew Roland, plagiaristic pupil of Roger. 

Hugo, perhaps because he was too busy, left 
no writings. We know that he was a military 
surgeon, for in his contract with Bologna, it 
was stipulated that he accompany her army in 
any campaign. He went on at least one crusade 
and was present at the siege of Damietta. 

Fortunately his teachings were painstakingly 
recorded and amplified by his son, Theodoric in 
the mid-thirteenth century. But let him intro- 
duce the work himself: 


“Here begins the Surgery edited and compiled by the 
Dominican, Brother Theodoric, Bishop of Cervia. To the 
venerable Father and dearest friend, that excellent man, 
Master Andres Albolat, by the Grace of God, Bishop of 
Valencia, Brother Theodoric, through God’s indulgence an 
unworthy minister of the Church of Bitonto, (offers) this 
work which has been so long in preparation. 

“Some little time ago, dearest Father, while we were 
both living in Rome, you asked me affectionately (though 
I was at that time a Chaplain and a Courtier to His Holi- 
ness the Pope) to describe clearly and to explain briefly 
certain things concerning the art of Medicine and Surgery 
which are so obscure and involved and incompletely 
treated by the Ancients, making a book about them ac- 
cording to the system of medicine of the excellent Hugo 
of Lucca, a most expert man in that science. Willing to 
comply in part if not wholly with your wishes, I produced 
a book which you in your impulsive way carried off to 
Spain, though you knew at that time that it was unfin- 
ished and uncorrected. Then you asked, and afterwards 
required by messenger in frequent letters, that I should 
send over the same book corrected and with the omis- 
sions supplied. For a long time I put it off. But now, 
with old age approaching, and invoking the help of Christ, 
and under His leadership, with every evidence of envy left 
aside, I am laying forth the secrets of the art of surgery. 

“Take then, dearest Father, this little work, remark- 
able indeed for its smallness of size and fullness of con- 
tent. 


The “resources” of medicine, according to our 
author are three: diet, drugs, and surgery, and 
the last is to be resorted to only when the others 


are inapplicable. . . . “Chirurgie,” he says, “‘is 
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derived from cheiros, meaning hand, and ourgia, 
action, thus surgery is an operation by the hand, 
as it were.” He advises that “practitioners of 
surgery frequent the places where skilled sur- 
geons operate, to attend their operations dili- 
gently and to commit them to memory.” His 
concept of surgical technique is astonishingly 
Halstedian in its tenor. He states: 


“There is no need . . . to be rash or daring, but let them 
be foresighted, gentle and circumspect, in order that with 
the greatest deliberateness and gentleness they may oper- 
ate under all circumstances with what gentleness they can, 
a around cerebral membranes, sensitive parts and 
other ticklish places. All the things which are necessary 
to the art cannot be included in books, many of these 
frequently happen to the operator, and cannot easily be 
foreseen. . . . Surgeons must needs be well read, for even 
though they be experienced, they will frequently fall into 
error and confusion, and I scarcely think that anyone 
can understand surgery without letters.” 


Theodoric, like all great masters of the art, 
put much emphasis on principles. His defini- 
tion of the objectives of surgery states: “The 
intent of the operations of surgery is concerned 
with three things. The joining together of broken 
parts, the separation of parts unnaturally joined, 
and the removal of whatever is superfluous.” 
Even today that covers almost everything from 
battle casualties to congenital heart lesions, 

Theodoric was apparently the first to observe 
salivation as the result of the mercurial treat- 
ment of skin diseases. The soporific sponge, 
often ascribed to him, is described in detail, to- 
gether with its manner of use and a method of 
arousing the patient with vinegar at the end 
of the operation. The author does not claim 
originality, however, and it is now known, 
thanks to the research of Dr. William W. Francis, 
that an almost identical soporific sponge was de- 
scribed 200 years earlier by Nicholas of Salerno. 


HEAD WOUNDS 


The neurosurgeon would be particularly in- 
terested in Theodoric’s discussion of head in- 
juries. Quite understandably, his concern was 
chiefly with the wound. Much in the manner 
of Wellington’s surgeon, Gillespie, some 600 
years later, Theodoric classified these wounds 
as simple and compound. The treatment of the 
former will be discussed. 

A compound wound connoted injury of bone 
and possibly of meninges and brain, with loss 
of substance. The seriousness of the latter was 
well recognized and special prayers were de- 
signed to invoke Divine help. The surgeon was 
admonished not to despair, however, for many 
recoveries, including his own, are recalled. ‘Hot 
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abscess” and hematoma were recognized as re- 
sponsible for such dreaded symptoms as head- 
ache, fever, spasms, delirium, and terminal stu- 
por. In order to permit free expulsion of such 
matter it is strongly urged that comminuted 
and indriven fragments of bone be removed. “If 
done gently,” he says, “the dura and brain may 
be disturbed but little in the process. Fractured 
bone which is not loosened may be left in place. 
An impacted pavement fracture may require an 
adjacent perforation in order to pry it out 
safely’”’—sound surgical advice today. 

The method of forcing “bloody matter” out 
of the brain through a skull wound by having 
the patient strain while holding his breath was 
innovated by Harvey Cushing in 1918, and was 
of great help in the débridement of deep wounds. 
Recently we discovered that Paré had described 
the same method when recounting what is prob- 
ably one of the earliest successful extradural 
hematoma operations (Book 10, Chapter 19). 
Even earlier Theodoric, when confronted with a 
similar problem said: “let the patient hold his 
nostrils and mouth closed and have him blow 
strongly...” 

In closing the subject of head injury we should 
like to quote a passage strikingly reminiscent of 
the strong injunctions of the late Dandy against 
the use of sedatives in head injuries: “In order 
to eliminate the sense of pain certain surgeons 
use analgesics, a thing which I do not approve 
at all because, since it is impossible to apportion 
the medication accurately in accordance with 
the condition of the wounded part, many such 
patients receive somniferous medicine and sink 
into the sleep of death.” 


INTESTINAL WOUNDS 


Recently, Allen traced the suture of intestinal 
wounds back to Lanfranc, who is said to have 
described it first in his Chirurgica Magna of 
1296. Since he was a pupil of William of Sali- 
cet, and since the latter must have practiced 
in Bologna and Verona as a very young contem- 
porary of Hugo, it is of interest to study Theo- 
doric in this regard. Chapter Nineteen of Book 
II is most illuminating. 

“If the intestines should be wounded, the 
large (intestine) is the more readily repaired 
with threads.” He evidently had no luck in 
suturing the jejunum and goes to consider- 
able length to explain his failures. However he 
asserts that the remainder of the tract is repar- 
able and he makes the following four points: 


“The first procedure is that it should be so ordered that 
the faeces making their way through the intestines may 














not soil the wound and bring about putrefaction of the 
intestine. The second procedure is that severed parts be 
rejoined and sewed to one another. The third procedure 
is that the intestine should be put back into the belly and 
the belly wound sewed up—and let the intestine be sewed 
from above with the finest needle and the finest delicate 
thread made from the intestines of animals or from fine 
silk, if that cannot be had, after the intestines have first 
been washed well with hot dark wine; afterwards let the 
intestines be cleansed with tow which is especially soft and 
delicate and with hot dark wine; and when they have 
been well cleansed, let them be put back clean and dry— 
and let the wound be sewed up.” 


HEMORRHAGE 


It was to be expected that Hugo and Theo- 
doric, with their very considerable experience 
and success in military surgery should have 
learned much about the control of hemorrhage. 

His descriptive classification is clear: 

‘*, .. some of the veins are without a pulse and are easier 
to heal and less to be dreaded; others, which are called 
arteries, have a pulse, and are the opposite of the former. 
... Moreover, the indication that blood is flowing from 
arteries is that it issues with a spurt and then falls back 
and is repeated speedily; and it is of greater purity than 
the blood of other veins.” 


For staunching blood he records a number of 
methods, both general and local. Most reliance 
was placed upon accurate approximation of the 
wound edges with pressure maintained locally 
by a snugly bandaged dressing. A bleeding point 
in an exposed vessel is to be occluded by the 
finger, “held there for some time,” then taken 
off slowly. Various hemostatic agents, including 
finely chopped rabbits’ hair and burned oak gall 
are mentioned. No doubt some of them did pro- 
mote clotting. He corroborates Galen’s obser- 
vation that bleeding from an artery wounded in 
continuity is harder to arrest than from one 
cut completely in two; he recommends dividing 
such a vessel between ligatures. 

He observed that about the time a person 
fainted from blood loss the active bleeding us- 
ually ceased. Elaborate efforts were made “to 
disperse blood away from the wound to other 
parts of the body.” In some cases he withdrew 
blood from an arm vein in the hopes of stopping 
wound bleeding, the very same method which 
Elliott Cutler and James Gardner recently rec- 
ommended for removing particularly vascular me- 
ningiomas. Unfortunately Theodoric was not 
able to replace the blood he had released! 


WOUND TREATMENT 


One problem fundamental to all forms of sur- 
gery is wound healing. Throughout the centuries 
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of recorded medical history the ever present 
threat of hemorrhage and sepsis has complicated 
this natural process; perhaps because of the fact 
that healing is delayed when these occur, sur- 
geons have often concluded per contra that they 
could actually speed up the normal processes of 
repair by various methods; “laudable pus” and 
an infinite variety of ointments, salves, and con- 
coctions have been used in treating the wounded 
part. Even now one finds surgeons lauding this 
or that substance which is claimed to hasten 
healing when placed in a wound. Nature has 
established a species and tissue specific rate of 
wound repair which can be slowed or stopped in 
many ways but which, so far as we know, has 
never been proved subject to appreciable ac- 
celeration. 

The surgeon of today attempts to provide op- 
timal healing conditions by asepsis, careful he- 
mostasis, the elimination of necrotic tissue and 
foreign matter, the avoidance of dead space, the 
accurate reapproximation of wound walls and 
subsequent rest and protection of the area. The 
latter concept, which is finding wide acceptance 
only in very recent years, may easily be traced 
back to Halsted, to Kocher, to Lister and a very 
few other surgeons, and to Pasteur. How stimu- 
lating it is to find that Huge, 700 years ago, 
who never heard of bacteria, leucocytes, nor fi- 
broblasts, strove for almost these identical ob- 
jectives. 

His instructions are clear: 


“In the first place the lips of the wound and all about 
the wound should be (abradantur) débrided; and then the 
wound should be completely cleansed of fuzz, hair, and 
anything else, and let it be well wiped dry with fine lint 
soaked in warm wine and wrung out; and thus the lips of 
the wound may be reunited as well as possible in accordance 
with their original healthy state; and having made com- 
presses from fine clean lint soaked in warm wine and 
placed upon the wound so as to fit, let it be bound up with 
a light bandage in such a way that the reapproximation of 
the wound edges cannot be disturbed at all.” 


He was opposed to suturing scalp wounds and 
relied upon careful application of the dressing to 
accomplish the same purpose. Wounds elsewhere 
were accurately sewn up and the admonition was 
given that the depth and proximity of the sutures 
must vary according to the size of the wound. 
Stitches must not be tied too tightly, nor too 
loosely, for the former would result in hot abscesses 
and the latter would fail to hold approximation. 
Dead space was to be avoided. Halsted came to 
similar conclusions—albeit somewhat later! 


1Book ITI, Chapter I. 
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HE book entitled Surgery of the Shoulder by 

Dr. Anthony F. DePalma takes up where Cod- 

man’s classical study, published in 1934, leaves 
off. The advances on subjects related to the shoulder 
since that time have been compiled, and to these Dr. 
De Palma and his co-workers have contributed gen- 
erously. The anatomical studies conducted at Jeffer- 
son Medical College upon which much of the book is 
based have been most complete and helpful in the 
understanding of many lesions of the shoulder joint. 

The author has a practical approach to his subject 
and, while some aspects of it have been treated in 
great detail, wherever possible he has written simply 
and clearly and supplied good photographs and 
drawings which will be welcome to the general prac- 
titioner and specialist alike. 

In several chapters the importance of tenosyno- 
vitis of the long head of the biceps is stressed. The 
author has some original ideas about this, especially 
in regard to frozen shoulder: ‘‘Frozen shoulder 
develops only in degenerative cases. Bicipital teno- 
synovitis is the prime causative factor responsible for 
pain both in the early and late phases of the disease.”’ 

Surgical relief of these cases by transference of this 
tendon from the glenoid rim to the coracoid process, 
if it stands the test of time, may well prove to be an 
important contribution. 

In general the methods of diagnosis and treatment 
advised in this book will be acceptable to critical 
readers. One exception to this may be the assertion 
that “No impacted fracture (of the humeral neck), 
regardless of the type or degree of deformity, re- 
quires reduction.”” Many qualified readers will feel 
that markedly angulated impacted fractures of the 
humeral neck, especially in the younger group, will 
profit by reduction. 

The difficult subject of shoulder and arm pain of 
neurogenic origin is well handled; a very interesting 
compilation of research material on pain reference is 
presented. 

The prevalence of degenerative lesions and severe 
tears of the musculotendinous cuff, especially in the 
aged, and the surprisingly good function which may 
exist despite them are well shown and explained. The 
mechanics of shoulder function, while necessarily a 
complicated subject, has been clearly presented. 
While the anatomical studies have added significant- 
ly to Codman’s descriptions of tears of the musculo- 
tendinous cuff of the shoulder, nothing of import 
regarding the nature of calcific deposits in the shoul- 
der tendons has been added. 

Dr. DePalma has made a stimulating and worth- 
while contribution to orthopedic surgery. 

NEwTON C. MEAD. 


ISURGERY OF THE SHOULDER. By A. F. DePalma, M.D. 


Philadelphia, London, Montreal: J. B. Lippincott Co., 1950. 
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ig! the main Doctor Friedman’s Visual Anatomy; 
Head and Neck? is a series of 88 pages of drawings 
with facing pages of selected and succinct text. It is, 
therefore, as described by the publisher, “‘a visual 
text,” in which “facts are presented largely by 
illustrations and only secondarily by the written 
word.” 

By the author’s prefatory explanation of his pur- 
poses and reasons, the reader is reminded of certain 
indisputable facts: that preclinical courses generally 
(and anatomy in particular) have been progressively 
compressed, to undergo shrinkage from once robust 
bodies of informative discipline to begging, curricu- 
lar, wraiths; that a student’s memory is oft-times a 
frail possession, while his future need for hazily re- 
tained knowledge is a vital matter to both his pa- 
tients and himself; that teachers should strive to 
devise means of managing the resulting dilemma. 

As a partial solution for the problem, Dr. Fried- 
man offers his brief Visual Anatomy. Reversing the 
scheme of regular presentation, the ‘revision text” 
initiates the morphologic discussion of each region by 
describing and figuring the basic elements and closes 
with a consideration of the superficial layers thus 
carrying the reader from skeletal supports to muscu- 
lature, from source vessels to terminal branches, and 
from the plexiform beginnings of nerves to their 
peripheral rami. Each region of the neck and head is 
treated as a unit; each page of text is an extended 
legend, descriptive of the figure on the facing page. 
Frequently the description ends with a comment on 
the practical usefulness of an osseous or muscular 
landmark, on a clinical manifestation traceable to a 
certain structure, or a surgical hazard dependent 
upon a relationship between structures. 

Dr. Friedman regards his volume as an additive 
element in the library of either the undergraduate or 
postgraduate student; it is not meant to compete 
with standard textbooks or atlases. Accepting the 
book as the author would intend, it should be said 
that the scheme has merits and that the book might 
be serviceable. However, two shortcomings must be 
recorded: the brief text is fragmentary, both in 
respect to general and applied anatomy; the illustra- 
tions are inferior to those to which every student, 
surgeon, and internist has become familiar. 

In this reviewer’s experience as a collaborator with 
surgical colleagues, full coverage of practical appli- 
cations has invariably been the desideratum; equally 
important has been accurate portrayal of full ana- 
tomic detail—in typical specimens, and in those 
which depart appreciably from the norm. Briefly, 
more, not less, instructional material has been in 
unremitting demand. 


2VisuaL ANATOMY; HEAD AND Neck. By Sydney M. Fried- 
man, M.D., Ph.D. Springfield, Ill.: Charles C Thomas, 1950. 














One cannot fail to admire the author for his cour- 
age in illustrating his own volume. Rarely, however, 
in the whole history of anatomic art, has such a ven- 
ture been successful; in such forays into an ad- 
mittedly fascinating field, and only through the 
possession of exceptional and consummate skill, sev- 
eral earlier anatomists succeeded impressively —and 
to the delight of every bibliophile. Many others, in 
our own century, have failed miserably. The author- 
artist of Visual Anatomy committed himself to the 
utilization of an exceedingly difficult technique, 
namely, that of reversing the usual black and white; 
against a solid black background many areas are 
shown as plain white fields or as etched plaques. This 
treatment becomes an impossible means of handling 
spaces and concavities—where the customary meth- 
od of darkening for shadowed areas is the one uni- 
versally employed. 

It may be worth a reminder, in passing, that there 
is nothing novel in the plan of confining text to a 
page facing an illustration—or even to that of plac- 
ing a limited description on the same page; the latter 
method was employed by Guido de Vigevano 600 
years ago. Even were the features of the scheme 
wholly new, it would seem more defensible to strive 
for accuracy and completeness than to aim at 
novelty. Barry J. ANSON. 


C= ULLY chosen are the 1,053 colored figures 
on 365 plates which are included in The Color 
Atlas of Pathology'. Each major anatomic system is 
introduced by a 10 to 20 page descriptive survey 
followed by 100 to 200 colored photographs present- 
ing clinical cases by means of gross photographs, 
roentgenograms, and photomicrographs in full color. 
The microscopic description is succinct and equally 
colorful. As might be expected, from the broad 
source of material available from the United States 
Naval bases, the range of material is unusually 
varied, including parasitology, and tropical lesions 
as well as the usual medical and surgical pathological 
lesions. Neuropathology, ocular pathology, and 
genitourinary pathology are conspicuous by their 
absence, but it is understood that an additional vol- 
ume covering other subjects is planned for this year. 

Although many of the staff of the Naval Medical 
Center had a part in preparing this Aélas over nearly 
a decade, much credit for seeing it to completion and 
overcoming the technical difficulties is due Dr. 
Charles F. Geschickter, present professor of path- 
ology at Georgetown Medical School. 

The usefulness of the book is enhanced by its de- 
tailed, complete index, and its conservative volume 
size. In contrast with the histologic photomicro- 
graphs, the blood plates are distinctly average draw- 
ings. It is possible that a freer use of accepted path- 
ologic synonyms might have increased the value of 
the descriptions to medical students and specialists 


1Cotor ATLAS OF PATHOLOGY. Prepared under the auspices of 
the U. S. Naval Medical School of the National Naval Medical 
Center, Bethesda, Maryland. Philadelphia, London, Montreal: 
J. B. Lippincott Co., 1950. 
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other than pathologists. The cost of the book has 
been partially subsidized, reducing its expense some- 
what, making it an outstanding pioneer color pre- 
sentation to medical teaching. It is well worth the 
investment to young and old practitioners of pathol- 
ogy and surgery as well as the medical bibliophile. 
JANE C. MacMIttran. 


FoR forty years Harry E. Mock has made head 
injuries his hobby. The monograph Skull Frac- 
tures and Brain Injuries* incorporates his thoughts of 
and experience in his avocation. Entering this field 
from general surgery, the author’s viewpoint is 
different from that of most writers who have ap- 
proached the subject through the specialty of neuro- 
logical surgery. He writes for the general practi- 
tioner interested in the treatment of head injuries 
and not particularly concerned in the theoretical 
problems. 

The author outlines rational and effective treat- 
ment. Condemning the “do nothing” form of man- 
agement, he emphasizes the potential seriousness of 
all head injuries and the necessity of constant sur- 
veillance of such cases. Because head injured pa- 
tients are often in shock he cautions against unneces- 
sary immediate manipulation of the patient for x-ray 
or special examinations. Operations, he believes, are 
rarely necessary within the first few hours of injury. 
The use of morphine is condemned. The author’s 
special rules are, in general, in line with common 
neurosurgical practice. Certain dehydrating agents, 
he believes, may be used as indicated in some brain 
injuries. Lumbar puncture and cerebrospinal fluid 
drainage in his opinion are indicated in approximately 
one-third of all patients suffering head injuries. 
Operation should be delayed as long as possible, for he 
believes the longer the operation is postponed the 
better the prognosis. 

Road engineers might well give consideration to 
Dr. Mock’s suggestions for improvement in road 
design to prevent traffic accidents. 

The signs and symptoms of craniocerebral injuries 
are presented from the clinical standpoint and the 
phenomena are profusely illustrated from the au- 
thor’s vast personal experience. The very practical 
discussion of factors influencing prognosis should be 
of material value to general practitioners. 

Dr. Mock’s classification of head injuries is based 
upon the type of treatment ordinarily required— 
rest, dehydration, spinal puncture and drainage, and 
operation. These therapeutic techniques are dis- 
cussed in considerable detail. The operative proce- 
dures are described as well as the pathological condi- 
tions—depressed skull fracture, subdural and extra- 
dural hematoma—which may be found. 

In this monograph Dr. Mock has given a set of 
“rules of the game.” They are particularly applic- 
able to the physician who is only occasionally called 
into the game, and less so for the specialist in neuro- 
logical surgery who is often brought into the game as 


2SKULL FRACTURES AND BRAIN Injuries. By Harry E. Mock. 
Baltimore: The Williams & Wilkins Co., 1950. 
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a pinch-hitter when life seems to be ebbing away. 
Dr. Mock’s rules do not demand heroic measures 
beyond the ability of the average surgeon. ° By 
adherence to them the general practitioner will give 
his head injured patient a favorable prognosis. 

That many neurological. surgeons will not concur 
in his entire thesis, Dr. Mock apparently recognizes, 
for he discusses some of the controversial points, cit- 
ing the opinions of prominent neurosurgeons. And 
it must be admitted that there is no general agree- 
ment among such specialists on questions such as the 
wisdom of repeated lumbar puncture drainage, and 
early exploratory trephination. 

The format of this well illustrated book is pleasing. 
A very short and select bibliography, almost entirely 
of references to papers in the English language is 
appended. The numerous typographical errors which 
detract from smooth reading, should be eliminated 
in future editions. 

This is a book which may be read profitably by 
every physician who may at some time treat head 
injuries. A. Eart WALKER. 


HE monograph Hirndurchblutungsstoerungen ihre 

Klinik und arteriographische Diagnose! deals with 
the clinical entities of cerebral thrombosis, cerebral 
thromboangiitis obliterans, and cerebral vascular 
sclerosis as it occurs in a wide variety of related 
clinical conditions. 

There is first introduced a long dissertation of the 
various functions of the brain in the maintenance of 
circulation, the role of the various reflex mechanisms 
(as the carotid sinus reflex) in the specific blood sup- 
ply of the brain, and the influence of various pharma- 
cologic entities on the physiology of the cerebral 
vessels. There is also a chapter on the normal cere- 
bral and cerebellar anatomy. 

Under the general topic of cerebral vascular crises 
the author has discussed migraine, epilepsy, Meni- 
ére’s syndrome, encephalitis, multiple sclerosis, vari- 
ous toxic states, and a variety of other diseases, and 
has pointed out the role the altered blood vessels 
play in those conditions. Under the general topic 
of cerebral vascular sclerosis he also covers a multi- 
tude of clinical syndromes. His best discussion is 
that of thromboangiitis obliterans. He recognizes 
the great difficulty in the treatment of cerebral 
thromboangiitis obliterans but he believes there is, 
nevertheless, hope to be had in the treatment of 
thromboangiitis in this situation to the same degree 
as in the treatment of its peripheral manifestations, 
namely by such drugs as papaverine, priscoline, and 
by periarterial or direct sympathectomy. 

The fault of this book lies in the fact that it covers 
too many subjects for treatment in monographic 
form. However, it is well organized and well system- 
atized. The illustrations of arteriograms are remark- 
ably good and there is a detailed up-to-date bibliog- 
raphy. Joun Martin. 

1HIRNDURCHBLUTUNGSSTOERUNGEN IHRE KLINIK UND ARTE- 


RIOGRAPHISCHE DIAGNOSE. By A. Brobeil. Stuttgart: Georg 
Thieme; New York: Grune & Stratton, 1950. 
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_————- the proper place to learn pathologi- 
cal anatomy is in the autopsy room and labora- 
tory, a well conceived and executed atlas may be of 
great aid in pointing out the main sign posts to the 
student and guiding him around many of the ob- 
stacles which he will encounter. In order to perform 
this function the illustrations must naturally be of a 
high order of technical excellence, well chosen and 
skillfully arranged and correlated by means of writ- 
ten text, so that the reader sees not only the bypaths 
but also the main road. The Allas of Histologic 
Diagnosis in Surgical Pathology? contains many pho- 
tomicrographs of poor quality and in the legends 
obsolete terms are sometimes employed, such as 
Grawitz’s tumor. The classifications seem needlessly 
complicated in the case of the nevi, brain tumors, and 
lymphomas. In many instances the accompanying 
text is so brief that justice is not done to the topic 
under discussion. Several recently published atlases 
of pathological anatomy are, in this reviewer’s 
opinion, preferable to this one. 
Witiiam B. WARTMAN. 


HE volume, entitled Ophthalmic Operations’ is a 

valuable contribution to ophthalmic literature. 
It replaces the Grimsdale and Brewerton publication 
and since it has been completely rewritten and re- 
illustrated nothing remains but the title and is pub- 
lished as a new book. 

There are 397 pages in the publication which is 
divided into 20 chapters with 510 figures. The pic- 
tures are an essential feature of the book and great 
care has been taken to insure that they are clear and 
fully illustrative of the text. The drawings and 
almost all of the photographs were made by the 
author and many of them are exceptionally good. 

The first 3 chapters are concerned with general 
considerations, anesthesia, and minor surgery of the 
eyelids. The necessary instruments and techniques 
are briefly discussed and no attempt has been made 
to describe techniques other than those in constant 
use when results have proved satisfactory. 

The major surgery of the eyelids is dealt with in 
considerable detail and due credit has been given to 
Wheeler for his halving operation and whole skin 
grafts from the upper lid. 

The sections on surgery of squint, of the cornea 
and surgery of cataract, contain some excellent 
illustrations and students can profit and learn much 
from studying the photographs. Simple and clear 
descriptions are used in describing the operations 
and there is an absence of needless detail. 

The chapters on surgery of glaucoma and retinal 
detachment are also well illustrated. Proper empha- 
sis has been placed on the value of the iridencleisis 
operation in glaucoma and it is interesting to note 


2ATLAS OF HistoLocic DIAGNOSIS IN SURGICAL PATHOLOGY. 
By Karl T. Neubuerger, M.D. With a section on Exfoliative 
Cytology. By Walter T. Wikle, B.S., M.S., M.D. Photography 
by Glenn E. Mills, B.A., M.A. Baltimore: The Williams & 
Wilkins Co., 1951. 

3Q0PHTHALMIC OPERATIONS. By Seymour Philps, F.R.C.S. 
Baltimore: The Williams & Wilkins Co., ro5o. 














that there is an increasing number of surgeons em- 
ploying this procedure in subacute and chronic 
glaucoma. 

The remainder of the text is devoted to the treat- 
ment of intraocular foreign bodies, the surgery of 
retinal tumors, removal of the eye, operations on the 
socket, and exploration of the orbit. These chapters 
are equally good. 

In this new volume the author has made excellent 
use of photography and he is to be congratulated for 
his fine work. The book is worthy of its title and it 
deserves a place in every ophthalmic surgeon’s 
library. IrviNG PUNTENNEY. 


r 54 chapters, totaling 734 pages, the author has 
attempted the Herculean task of discussing symp- 
tomatology, significant pathology, essentials of diag- 
nosis and “appropriate” treatment of diseases of the 
urinary and male genital tracts. 

The first 125 pages of Essentials of Urology! are 
devoted to general symptoms, examination, and 
laboratory methods, such as might be found in the 
most elementary textbooks. Although the tech- 
niques of cystoscopy and urethroscopy are given in 
most instructive detail, much of a 40 page chapter 
in the first section describes British equipment that 
will be of little interest to the American student or 
urologist. 

The additional 6 sections of the book represent 
anatomic divisions of the genitourinary tract. In 
each of these, injuries and diseases of the respective 


IEsSENTIALS OF URotocy. By J. C. Ainsworth-Davis. Spring- 
field, Ill.: Charles C Thomas, 1950. 
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organs are considered in variable detail, ranging from 
little more than simple definition of some afflictions 
to reasonably complete discussions of the more 
common lesions. 

To this extent, the author has created a commend- 
able text for the beginning student of urology, and 
detailed descriptions of urologic diagnostic proce- 
dures should be especially valuable in their orien- 
tation. 

After a discussion of the sundry disease entities, 
however, the author dismisses each anatomic struc- 
ture with what are obviously his personally pre- 
ferred methods of treatment—medical as well as 
surgical. Even though it is generally agreed that the 
treatment of many of these diseases is controversial, 
he is consistently dogmatic about the choice of oper- 
ations and drugs. No attempt is made to present 
therapeutic reviews or to offer statistical proof of the 
efficacy of his recommendations. 

Conflicts with more popular forms of therapy in 
this country are especially flagrant in the author’s 
management of prostatic hypertrophy, bladder tum- 
ors, calculi, neurogenic bladders, renal tuberculosis, 
and ureteropelvic obstruction, as well as numerous 
minor surgical details. 

This book may prove to be extremely valuable to 
British students and general practitioners, but it is 
unlikely that it will attain any significant popularity 
in this country. It lacks the thoroughness of a refer- 
ence book for the experienced urologist, has intrinsic 
inadequacies for the American student and must be 
regarded as a summation of current British urologic 
views. Ormonn S. Cup. 
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NOVEMBER 


AN FRANCISCO surgeons and other hos- 
pital personnel are co-operating with the 
Clinical Congress General Committee in 
Chicago in developing plans for the thirty- 

seventh Clinical Congress of the American College 
of Surgeons, to be held in San Francisco Novem- 
ber 5 to 9, which will make this one of the largest 
and most eventful medical meetings ever held in 
the West. The varied nature of the program will 
give a wide choice of activities at practically all 
times for those who attend. Many Fellows of the 
College remember with pleasure attending the 
25th Clinical Congress, held in San Francisco in 
1935, and can assure others of an especially re- 
warding experience in enjoying the hospitality of 
the city by the Golden Gate. 

Color television and ciné clinics, while certain 
to be well attended and thoroughly appreciated 
as important new devices in keeping abreast of 
developments in surgical technique, are proving 
not to lessen the popularity of the time-tested, 
personal observation by the visiting Fellow of the 
local surgeon at work in his hospital. Elaborate 
plans are therefore being made as usual for a full 
schedule of operative and non-operative clinics, 
These will be held in 26 hospitals in San Francisco 
and East Bay communities. Also to be held in 
five of the hospitals is a series of postgraduate 
courses in specific surgical subjects. The ciné 
clinics, like the color television, will also, in large 
measure, reflect the planning and work of the 
local surgeons. 

Among the other attractions planned are: of- 
ficial meetings; twelve sessions of the Forum on 
Fundamental Surgical Problems; a clinicopatho- 
logical conference; symposia-on cancer, on trauma, 
and on graduate training in surgery; evening 
sessions for general surgeons, for ophthalmolo- 
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gists, and for otorhinolaryngologists; panel dis- 
cussions for general surgeons and surgical spe- 
cialists; hospital conferences; medical motion 
picture showings; an instructive and interesting 
array of scientific exhibits; and the usual im- 
pressive display of technical exhibits which show 
how technological advances have played an im- 
portant part in the progress of surgery and allied 
arts and sciences. 


COLOR TELEVISION 


Telecasts in color of operations which are taking 
place at the Letterman Army Hospital will be 
shown in the Civic Auditorium every afternoon, 
Monday through Thursday, and every morning 
except Monday. 

This demonstration will be made possible by 
Smith, Kline & French Laboratories of Phila- 
delphia. It was at their request that Columbia 
Broadcasting System, Inc., undertook to specially 
design and manufacture color television equip- 
ment for teaching surgery and medicine. This 
equipment, the first of its kind, is owned by the 
Laboratories and is being demonstrated by them 
throughout the country as a contribution to med- 
ical teaching. This will be the third demonstra- 
tion at a Clinical Congress, the first having been 
in Chicago in October, 1949, and the second in 
Boston in October, 1950. 


CINE CLINICS 


The ciné clinics presented at the Clinical Con- 
gress in Boston in 1950 were so popular that an 
expanded program of this type is under develop- 
ment for the meeting in San Francisco. Davis & 
Geck, Inc., are the sponsors of the program. 

The aim of the 1951 clinics is to present for the 
benefit of the visiting surgeons a showing of se- 
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lected surgical procedures representative of the 
surgery of the West. Procedures are being filmed 
by surgeons from Texas to British Columbia. 
The subjects were selected by the advisory com- 
mittee on programs and the correlation is being 
effected through the Committee on Medical 
Motion Pictures. 

The program will consist of a series of talks on 
specific surgical problems, each illustrated by 
specially prepared and edited color motion pic- 
tures demonstrating major points of the tech- 
nique employed. While retaining all important 
features of the surgical clinic, this method extends 
the scope beyond traditional limits by permitting 
demonstration of procedures usually difficult or 
impossible to schedule electively, and by pro- 
viding for better visibility than is possible at the 
usual surgical clinic presentation. 


COMMITTEE ON ARRANGEMENTS 


The San Francisco Committee on General 
Arrangements for the Clinical Congress is com- 
posed of the following Fellows: 


*EMILE HOLMAN, Chairman 

*THomas F. MULLEN, Vice-Chairman 

*FRANK GERBODE, Secretary 

*Howarp C. NAFFzicER, Member, Board of Regents 


H. GLENN BELL Atson R. KItGorRE 
FREDERIC C. Bost CARLETON MATHEWSON, JR. 
EpMUND BUTLER ALICE F. MAXWELL 
LOREN R. CHANDLER T. Eric REYNOLDS 
Joun W. CLINE DExTER N. RICHARDS, JR. 
Roy B. CoHN WILtiaAM L. ROGERS 
WHITFIELD CRANE Paut C. SAMSON 
ALBERT D. Davis RoBeErt A. SCARBOROUGH 
LEON GOLDMAN Henry H. SEARLS 
*Bert L. HALTER HERBERT F. TRAUT 
Davi O. HARRINGTON WILLIAM W. WASHBURN 
FRANKLIN I. HARRIS Henry M. WEYRAUCH 
LeonarD D. HEATON Joun H. WootsEy 
*ARTHUR J. HUNNICUTT 


*Executive Committee 
HOSPITALS AND HOSPITAL REPRESENTATIVES 


The hospitals which will arrange clinics for the 
1951 Clinical Congress, and the names of the 
hospital representatives, follow: 


San Francisco 

Children’s Hospital—RutH FLEMING 

Franklin Hospital—FREDERICK S. FooTE 

French Hospital—ALBERT C. DANIELS 

Letterman General Hospital—WattEeR H. MATusKA 
Mary’s Help Hospital—Everetr CARLSON 

Mount Zion Hospital—Sanrorp E. LEEDS 

St. Francis Hospital—Grratp Brown O’COoNNOR 

St. Joseph’s Hospital—Joun J. Bazzano 

St. Luke’s Hospital—G. Danret DELPRAT 

St. Mary’s Hospital—Epmunp J. Morrissey 

San Francisco Hospital—Ciayton G. Lyon 

Shriners’ Hospital for Crippled Children—FRreEpErIc C. Bost 
Southern Pacific General Hospital—Cotin C. McRaE 


AMERICAN COLLEGE OF SURGEONS 





381 


Stanford University Hospital—GunTHER W. NAGEL 
University of California Hospital—Horacre J. McCorkKie 
Veterans Administration Hospital—Henry L. SILvANI 
East Bay 

Alta Bates Hospital, Berkeley—Matcotm B. HADDEN 
Children’s Hospital of The East Bay, Oakland—DeExTER 

N. RIcHARDs, JR. 

Herrick Memorial Hospital, Berkeley—R. Bruce HENLEY 
Highland—Alameda County Hospital, Oakland—Harry 
E. PETERS, JR. 
Samuel Merritt Hospital, Oakland—Grosvenor T. Root 
Peralta Hospital, Oakland—Epwin G. CLAUSEN 
Permanente Foundation, Oakland—Avcust L. BARITELL 
Providence Hospital, Oakland—Witson Footer 
U. S. Naval Hospital, Oak Knoll, Oakland—Caprain 

J. M. C. Gorpon, Commanding Officer 
Veterans Administration Hospital, Oakland—Tuomas O. 

LAKE 

OFFICIAL MEETINGS 

A meeting of the Governors of the College will 
begin with luncheon on Monday, November 5s, 
and continue in the afternoon. There will be 
adjourned meetings of the Board of Governors on 
Wednesday morning and Thursday afternoon. 

President Henry W. Cave of New York will 
deliver the Presidential Address at the Monday 
evening meeting at the Civic Auditorium. 

At the same session Dr. Alton Ochsner of New 
Orleans will be installed as President for the year 
1951-52, Dr. Thomas H. Lanman of Boston as 
First Vice President, and Dr. Joel W. Baker of 
Seattle as Second Vice President. The Sixth 
Martin Memorial Lecture, to be presented by 
Dr. Paul B. Magnuson of Washington, D.C., will 
be the closing address on this program. His sub- 
ject will be: “‘Remove Not the Ancient Landmark.” 

The annual Convocation will be held at the 
Civic Auditorium on the final evening, Friday, 
November g, when Fellowships will be conferred 
upon the Initiates of 1951 and recipients of the 
Honorary Fellowship. The program will con- 
clude with the presentation of the Fellowship 
Address by Dr. J. Roscoe Miller, President of 
Northwestern University, Evanston, Illinois. 

The annual meeting of Fellows of the College 
will be held on Thursday afternoon, November 8. 


POSTGRADUATE COURSES 


Postgraduate courses similar to those given in 
Boston hospitals at last year’s Clinical Congress 
are being planned as a part of this year’s Congress 
program and will be given in five San Francisco 
hospitals. The five fields in which courses will be 
given, and the Chairmen who have been appointed 
to plan these courses, are: 

Management of Fractures. Chairman, FrepEric C. Bost. 
Preoperative and Postoperative Care. Chairman, VICTOR 

RICHARDS. 

Cancer—Modern Diagnostic Methods. Chairman, ALSON 

R. KILcorE. 
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Obstetrics and Gynecology. Chairman, HERBERT F. TRAUT. 
Vascular Diseases. Chairman, FRANK GERBODE. 


FORUM ON FUNDAMENTAL SURGICAL PROBLEMS 
The Forum on Fundamental Surgical Problems 
at the 1951 Clinical Congress will consist of twelve 
sessions in which there will be presented brief 
reports of original clinical and experimental ob- 
servations relating to the broad aspects of general 
surgery and the surgical specialties. Selections 
for presentation from the abstracts submitted 
have been made by the Committee, of which Dr. 
Owen H. Wangensteen of Minneapolis is the 
chairman. Asa result of the large demand for the 
volume Surgical Forum published in February of 
this year, which contained 106 papers in full and 
58 others in abstract form, all of which were 
presented at the 1950 Clinical Congress, it is 
planned to publish the 1951 Forum papers in a 
similar volume. 
The schedule of Forum sessions follows: 
Monday, 2:00-5:00 p.m.—Orthopedics 
Tuesday, 9:00 a.m.—12:00 noon—Plastic Surgery, Burns 
and Wounds 
Tuesday, 9:00 a.m.—12;00 noon—Surgery of the Heart 
Tuesday, 2:00-5:00 p.m.—Neurosurgery 
Wednesday, 9:00 a.m.—12:00 noon—Stomach, Pancreas, 
and Thyroid 
Wednesday, 9:00 a.m.—12:00 noon—ACTH, Adrenals, and 
Wounds 
Wednesday, 9:00 a.m.—12:00 noon—Urology and other 
papers 
Wednesday, 2:00-5:00 p.m.—Heart and Great Vessels 
Thursday, 9:00 a.m.—12:00 noon—Surgery of the Lungs 
and Esophagus 
Thursday, 9:00 a.m.—12:00 noon—Liver and Portal System 
Friday, 9:00 a.m.—12:00 noon—Bowel and Pancreas 


Friday, 9:00 a.m.—12:00 noon—Thrombo-Embolism and 
Shock 


GENERAL SURGERY EVENING SESSIONS 


Three general surgery evening sessions are 
planned. The first, on Tuesday evening, Novem- 
ber 6, will have as its theme, ‘Medical Defense 
Program.” ‘Three main talks will be presented 
as follows: “A Civil Defense Medical Program”’; 
“Radiation Injuries”; and “Eye Injuries in Atom- 
ic Attack.” 

The Wednesday evening session will be opened 
with the annual Fracture Oration. Sir Reginald 
Watson-Jones of London, England, who was in- 
vited to give this address, will speak on “Fallacies 
of Internal Fixation and Contact Compression of 
Fractures.” This will be followed by a symposium 
on “Metabolic Disturbances during Surgical 
Care,”’ with discussion from the standpoints of 
anesthesia, metabolic balance, endocrine prob- 
lems, nutrition, and mental disturbances. 

The program for the Thursday evening session 
will include the following subjects: ‘The Dangers 
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of Radiation Therapy”; ‘‘Clinical Applications of 
Artificially Prepared Radioactive Isotopes”; and 
“The Present Status of Antibiotics.” 


GENERAL SURGERY AFTERNOON PANEL 
DISCUSSIONS 


General surgery panel discussions will be held 
Monday through Thursday afternoons from 1:30 
to 3:00 o’clock and Monday through Wednesday 
from 3:30 to 5:00 o’clock. On Thursday, two 
separate sessions will be held in the early period. 

The subjects will be as follows: 


Monday, 1:30-3:00 p.m.—Cardiac Resuscitation 

Monday, 3:30-5:00 p.m.—Nonmalignant Lesions of the 
Breast 

Tuesday, 1:30-3:00 p.m.—Cancer of the Female Genital 
Tract 

Tuesday, 3:30-5:00 p.m.—Hemorrhage from the Gastro- 
intestinal Tract 

Wednesday, 1:30-3:00 p.m.—The Treatment of Sterility in 
the Female and in the Male 

Wednesday, 3:30-5:00 p.m.—Burns 

Thursday, 1:30-3:00 p.m.—Nonmalignant Disease of the 
Thyroid 

Thursday, 1:30-3:00 p.m.—Fetal Mortality Problems 


OPHTHALMOLOGY SESSIONS 


Separate sessions for ophthalmologists are 
planned for Tuesday, Wednesday, and Thursday 
afternoons and evenings. The Tuesday and 
Thursday afternoon sessions will be devoted to 
color television showings of operative procedures 
on the eye. The Wednesday afternoon session 
will be devoted to ophthalmologic research. 

On Tuesday evening there will be a symposium 
on “Injuries of the Eyes and Adnexa” with dis- 
cussion of the following topics: contusions, lacera- 
tions of eye and adnexa, chemical burns of eye, 
thermal burns, secondary repair of fractures, and 
secondary repairs of chemical and thermal burns. 

On Wednesday evening there will be a sym- 
posium on “Cortisone and ACTH in Ophthal- 
mology,” with discussion of the following topics: 
cortisone in ophthalmology, local use of ACTH 
and cortisone in ulcers, and local use of ACTH 
and cortisone in burns. ; 

The program on Thursday evening will include 
papers on the following subjects: ‘Experiences 
with Tumors of the Retina”; “Technical Points 
in the Surgery of Retinal Detachment’; ‘Late 
Vitreous Complications following Intracapsular 
Cataract Extraction”; and “Present Status of 
Goniotomy.” 


OTORHINOLARYNGOLOGY SESSIONS 


Separate sessions for otorhinolaryngologists are 
planned for Tuesday, Wednesday, and Thursday 
afternoons and evenings. 























On Tuesday afternoon there will be a sympo- 
sium on “Treatment of Laryngeal Paralysis,” in- 
cluding discussion of intralaryngeal approach, ex- 
ternal operation, and management of cicatricial 
stenosis of larynx. 

On Wednesday afternoon two main topics will 
be discussed, as follows: “Differential Diagnosis 
of Vertigo” and “The Nerve-Deaf Child.” 

On Thursday afternoon a symposium will be 
held on “Management of Facial Paralysis” con- 
sidering especially Bell’s palsy and traumatic 
lesions of the facial nerve. 

In a symposium on “Head and Face Pain” on 
Tuesday evening, there will be discussion of the 
following topics: pain of sinus origin, pain due to 
autonomic dysfunction, pain due to intracranial 
disease, and psychosomatic aspects of head and 
neck discomfort. 

In a symposium on “Facial Injuries” on Wed- 
nesday evening, there will be discussion of the 
following topics: fractures of the nose, fractures of 
maxilla, fractures of mandible, and associated 
facial laceration. 

In a symposium on “Carcinoma of the Larynx” 
on Thursday evening, there will be discussion of 
the following topics: carcinoma of the laryngo- 
pharynx, carcinoma of larynx with cervical metas- 
tases, and x-ray therapy. 


SYMPOSIA ON CANCER AND ON TRAUMA 


The committees on Cancer and on Trauma are 
planning programs for the symposia in their re- 
spective fields at the 1951 Clinical Congress. 

The Symposium on Trauma will be held on 
Tuesday afternoon. Following is a partial out- 
line of the program: 

Shock, Blood and Plasma Expanders 
Case Report Illustrating Management of Massive Rectal 

Trauma 
The Influence of an Impaired Arterial Circulation on 

Trauma to the Lower Extremity 
Soft Part Aspects of Ankle Injuries 
The Treatment of Deformities of Pott’s Fractures Result- 

ing from Nonunion of the Medial Malleolus or Laceration 

of the Deltoid Ligament 
Treatment of Trochanteric Femoral Fractures, with Spe- 
cial Reference to Complications 

The Symposium on Cancer will be held on Wed- 
nesday afternoon. Cancer of the parotid gland, 
of the larynx, and thyroid, and tumors in children 
will be discussed. 


AFTERNOON PANEL DISCUSSIONS, 
SURGICAL SPECIALTIES 
Friday afternoon will be devoted to panel dis- 
cussion sessions for six special fields of surgery: 
gynecology and obstetrics, neurological surgery, 
orthopedic surgery, thoracic surgery, plastic sur- 
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gery, and urology. An outline of the program 
follows: 


Gynecology and Obstetrics 
1:30-3:00 p.m.—Indications for Therapeutic Abortion 
3:15-4:45 p.m.—Indications for Sterilization of the Fe- 
male and of the Male 
Neurological Surgery 
1:30-3:00 p.m.—An Evaluation of the Treatment of 
Intracranial Aneurysms 
3:15-4:45 p.m.—Classification and Results of Surgical 
Treatment of Pituitary Tumors 
Orthopedic Surgery 
1:30-3:00 p.m.—Acute and Chronic Injuries of the 
Shoulder 
3:15-4:45 p.m.—Repair and Reconstruction of 
Shoulder Joint 
Thoracic Surgery 
1:30-3:00 p.m.—The Significance of Indeterminate Pul- 
monary Lesions 
3:15-4:45 p.m.—Newer Developments in Surgery for 
Cardiac Disease 
Plastic Surgery 
1:30-3:00 p.m.—The Rehabilitation of the Patient with 
Deep Burns, from a Plastic Surgical Viewpoint— 
Extremities and Trunk 
3:15-4:45 p.m.—Same theme, with reference to Face 
and Neck Burns 
Urology 
1:30-3:00 p.m.—The Treatment of Bladder Carcinoma 
3:15-4:45 p.m.—Tumors of the Testicle 


the 


HOSPITAL CONFERENCES 


The thirtieth Hospital Standardization Con- 
ference will convene during the first four days of 
the Clinical Congress. Hospital administrators, 
trustees, members of medical staffs, nurses, tech- 
nicians, dietitians, and heads of the various hos- 
pital departments and their personnel, are invited 
to participate in the discussions at the conferences 
which will be directed by leading authorities in 
the hospital field. There will be four morning, 
four afternoon, and three evening sessions. 

At the one-hour general assembly for surgeons 
and hospital representatives on the first morning 
there will be discussion of the status of the Hos- 
pital Standardization program. 

General themes for the other sessions will be as 
follows: Monday afternoon, “Hospitals of the 
Future—Organization, Architecture, Personnel, 
Prepayment Plans”; Tuesday morning, “Care of 
the Chronically Ill’; Tuesday afternoon, “The 
Surgical Service”; Tuesday evening, ‘Medical 
and Hospital Public Relations”; Wednesday 
morning, “Demonstration of Sterilization Tech- 
nique”; Wednesday afternoon, ‘Nursing Serv- 
ices”; Wednesday evening, ‘Preparedness Re- 
sponsibilities of Hospitals”; Thursday morning, 
“Medical Records”; Thursday afternoon, “Trus- 
tee-Physician-Hospital Problems”; and Thursday 
evening, “Forum on Trends in Hospital Ad- 
ministration.” 
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No conferences will be scheduled on Friday so 
that hospital representatives may see the exhibits, 
television, and other interesting features of the 
Clinical Congress, and visit San Francisco area 
hospitals. 


MEDICAL MOTION PICTURE PROGRAM 


The Committee on Medical Motion Pictures is 
now choosing films on general surgery and the 
surgical specialties which are to be shown in San 
Francisco. Films which have been recently pro- 
duced should be forwarded to the College for im- 
mediate review as it is the policy to include in the 
Clinical Congress program only those films sub- 
mitted in time to obtain approval by the Com- 
mittee. 

EXHIBITS ? 

Both scientific and technical exhibits will be 
housed in the Civic Auditorium. The scientific 
exhibits were so successful in Boston that the 
College is formulating plans to repeat the project 
on a larger scale at the San Francisco Congress 
and applications are now being accepted by the 
committee on scientific exhibits, 40 East Erie 
Street, Chicago 11. 

There will be the usual extensive display of 
surgical and hospital supplies and equipment by 
manufacturers and distributors. Included in the 
exhibit will be displays of new medical books and 
journals by leading publishers. Besides housing 
the exhibits, the Civic Auditorium will be used 
for the color television, ciné clinics, medical mo- 
tion picture showings, scientific sessions, and hos- 
pital conferences, and for registration of both the 
surgeons and the hospital personnel. 


ADVANCE REGISTRATION 


Surgeons who wish to attend the Clinical Con- 
gress should register in advance. This will greatly 
expedite the procedure of registering. No regis- 
tration fee will be charged Fellows whose dues are 
paid to December 31, 1950. For endorsed candi- 
dates, the fee will be $5.00. Non-Fellows, who 
after individual consideration are permitted to 
register, will pay a fee of $10.00. No registration 
fee will be required of Initiates of the class of 1951. 
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Official registration blanks, transportation infor- 
mation, hotel reservation forms, and other details 
have been sent to all Fellows. 


HOTEL RESERVATIONS 


It is desirable that hotel reservations be made 
as early as possible, and for this purpose the 
official reservation form should be completed and 
returned to the San Francisco Convention Bureau, 
61 Grove Street, San Francisco 2, California. 
Ample first-class hotel accommodations have been 
assured so that registrants for the Congress need 
not fear the limitations of former years. It is 
important in any communication about hotel 
reservations that reference be made to the Clinical 
Congress of the American College of Surgeons. 
All communications relative to housing should be 
directed to the San Francisco Convention Bureau 
and not to the hotels. 


POST-CONVENTION TOUR 


For Fellows who are planning to attend the 
Pan Pacific Surgical Conference, or who would 
like to have a vacation in Hawaii following the 
Clinical Congress, the College has arranged with 
Mr. R. R. Rickson, travel agent for the Matson 
Steamship Lines, to offer the following convention 
tours: 


CONVENTION Tour No. 1—27 days—round trip by steamer 
Lurline \eaving Los Angeles Harbor November 14, and re- 
turning to Los Angeles December 11. All expense includes 
round trip steamer space, room with private shower. U.S 
transportation tax, Royal Hawaiian Hotel on Beach at 
Waikiki (American Plan) o:<5:5.5. 6006 s0-0000¥0008 004 $745.55 


CONVENTION Tour No. 2—14 days—Outward by Strata- 
cruiser from San Francisco November 10, return by 
steamer Lurline, November 19, arriving San Francisco, 
November 24. All expense includes seat in plane outward, 
room with private shower on steamer, U.S. transportation 
tax, Royal Hawaiian Hotel (American plan)...... $593-35 


More detailed information may be found on the 
Transportation Information Form enclosed with 
the letter to Fellows, and inquiries concerning 
reservations may be addressed to Mr. R. R. 
Rickson, 179 West Jackson Boulevard, Chicago, 
Illinois. 








